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INTRODUCTION 


Preliminary  investigations  were  s1  ;rted  on 
this  project  in  the  spring  of  1948.  The  Division 
of  Research  Grants  and  Fellowships  of  the 
National  Institutes  of  Health,  Department  of 
Health,  Education,  and  Welfare,  U.  S.  Public 
Health  Service,  established  a  research  grant  for 
this  study  at  the  Brigham  Young  University 
September  1,  1950.  The  author,  a  member  of 
the  faculty  of  the  Department  of  Zoology  and 
Entomology  at  the  grantee  institution,  was 
named  the  principal  investigator.  The  project 
was  designed  for  a  three  year  period  of  study. 
Most  of  the  work  originally  planned  has  now 
been  completed  and  is  being  reported  upon  in 
this  paper. 

Objectives  of  the  study  were  as  follows: 

1 .  To  locate  and  identify  the  species  of  known 
vectors  of  plague  and  Rocky  Mountain  spot- 
ted fever  in  Utah. 

2.  To  specifically  identify  hosts  with  which 
the  known  vectors  would  be  associated  and 
show  their  geographic  distribution. 

3.  To  determine  and  locate  in  Utah  the  known 
reservoir  hosts  for  plague  and  Rocky  Moun- 
tain spotted  fever. 

4.  To  make  observations  on  vector-host  re- 
lationships. 

5.  To  record,  insofar  as  possible,  information 
on  vector  populations  in  order  to  determine 
seasonal  variations  if  any. 

6.  To  conduct  investigations  both  in  the  field 
and  by  laboratory  studies  which  would  help 
solve  some  problems  related  to  life  histories 
of  various  species  involved  as  vectors  of 
Rocky  Mountain  spotted  fever  and  plague. 

General  survey  procedure: 

Those  areas  of  the  State  where  the  great- 
est concentration  of  people  was  located  were 
surveyed  first.  Following  this,  the  more  outly- 
ing towns  and  cities  were  studied.    Vast  stock 


grazing  domains,  wilderness  areas  and  mining 
locations  in  both  desert  and  mountainous  situ- 
ations were  surveyed.  Since  the  hinterland 
areas  in  the  southeastern  section  of  Utah  are 
being  invaded  by  many  hundreds  of  uranium 
prospectors,  it  was  felt  that  significant  surveys 
in  this  extensive  area  would  be  of  value  from  a 
public  health  point  of  view.  Sui"veys  were  also 
made  in  some  of  the  national  parks  and  monu- 
ments within  the  S'.ate  of  Utah,  visited  annually 
by  many  thous-^'s  of  tourists.  Finally,  spot 
checking  was  done  along  the  principal  arterial 
state  and  federal  highways  in  Utah. 

Field  surveys  were  conducted  on  a  year- 
round  basis,  insofar  as  host  animals  were  avail- 
able and  access  to  areas  was  possible.  Hosts  were 
captured  both  alive  and  dead,  by  whatever 
means  best  suited  the  conditions  of  collecting, 
Several  types  of  live  traps  were  utilized.  Some 
types  of  live  traps  were  more  effective  in  trap- 
ping certain  animals  than  others,  and  certain 
traps  were  more  effective  than  others  in  differ- 
ent kinds  of  habitats  and  at  different  seasons. 
Dead  hosts  were  usually  captured  by  snap  traps 
or  by  shooting  with  the  appropriate  calibre  or 
gauge  of  gun. 

If  an  animal  were  captured  alive,  it  was 
then  taken  to  the  field  station  or  laboratory 
where  it  was  chloroformed  and  the  body  care- 
fully examined  for  parasites.  Dead  animals 
were  placed  directly  from  the  trap  into  paper 
bags  and  then  taken  to  the  field  station  or  lab- 
oratory where  the  body  was  subjected  to  the 
chloroform  treatment  which  drove  the  para- 
sites from  the  host  or  made  it  possible  for  the 
parasites  to  be  brushed  or  otherwise  removed 
from  the  body  of  the  host.  Once  the  parasites 
were  collected,  they  were  placed  in  containers 
with  identifying  lables.  A  field  number  on 
this  lable  referred  to  the  field  records  which 
were  made  up  in  detail.  Tliese  data  included 
the  name  of  the  host,  sex,  number  of  parasites, 
date  of  collection,  place,  collector,  and  a  general 
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description  of  ecological  conditions  where  the 
collection  was  made. 

A  great  number  of  nest  collections  were 
made.  The  nests  were  placed  in  "Berlese"  fun- 
nels for  the  removal  of  consortes.  All  collec- 
tions, whether  taken  from  the  host  body  or 
from  the  nest,  were  preserved  in  70%  ethyl 
alcohol.  Various  sizes  of  glass  vials  were  used. 
For  the  most  part,  procaine  drug  vials  were  the 
best  containers  for  specimens.  Hemopathic  glass 
vials  were  used  to  contain  engorged  ticks. 

Once  the  specimens  were  collected,  they 
were  brought  to  the  laboratory  and  prepared 
for  identification.  For  the  fleas,  it  meant  taking 
the  steps  necessary  to  clear  and  mount  the 
specimens  on  microscope  slides.  Fortunately, 
the  ticks  needed  no  special  treatment  in  order 
to  be  properly  identified.  With  identification 
complete,  the  data  for  that  specimen  were  re- 
corded on  a  master  file  sheet  from  which  in- 
formation could  be  obtained. 

Host  collections: 

1.  Fifty- nine  species  and  subspecies  of  mam- 
mals, representing  29  genera  and  approxi- 
mately 5,500  individual  animals  were  col- 
lected. All  animals  were  carefully  ex- 
amined for  medically  important  ectopara- 
sites, as  well  as  other  consortes. 

2.  Eight  species  of  reptiles,  representing  8 
genera  and  86  individual  animals  were 
collected. 

3.  Twenty-six  species  of  birds,  representing 
21  genera  and  78  individual  birds  were 
collected. 

4.  Nests  of  mammals  were  collected  because 
nesting  sites  harbor  immature  and  mature 
stages  of  the  vectors;  277  nests,  representing 
7  genera  and  9  species  and  subspecies  of 
mammals  were  taken. 

Consortes  collections; 

It  was  decided  early  in  the  project  that 
careful  removal  and  preservation  should  be 
done  for  all  arthropod  consortes  although  par- 
ticular attention  was  given  to  those  forms  for 
which  this  project  was  established.  Listed  be- 
low are  the  closely  approximated  numbers  of  all 
consortes  removed  from  the  hosts  as  well  as 
those  collected  by  Berlese  funnel  extraction  of 
consortes  from  host  nests: 

1.  There  were  approximately  19,000  speci- 
mens of  Siphonaptera  collected.  The  total 
siphonapteron  collection  represents  82  spe- 
cies and  subspecies  of  38  genera. 


2.  There  were  about  25,000  specimens  of  ticks 
of  the  families  Ixodidae  and  Argasidae  col- 
lected. This  collection  includes  14  species 
of  6  genera. 

3.  Approximately  280,000  specimens  of  mites 
have  been  taken  during  the  period  of  this 
study,  representing  an  unknown  number  of 
species. 

4.  Some  3,000  specimens  of  Mallophaga  (bit- 
ing Uce)  have  been  collected  representing 
an  unknown  number  of  species. 

5.  Close  to  12,000  specimens  of  Anoplura 
(sucking  lice)  have  been  collected  also  rep- 
resenting an  unknown  number  of  species. 

6.  About  20,000  specimens  of  various  other 
arthropods  have  been  collected.  These  rep- 
resent immature  and  mature  stages  of  or- 
ganisms belonging  to  the  true  bugs  {Hem- 
iptera),  beetles  {Coleoptera) ,  flies  (Dip- 
tera),  pseudoscorpions,  spiders,  and  others. 

PROBLEMS  OF  SURVEY  RELATED 
TO  UTAH  GEOGRAPHY 

Utah  is  divided  along  a  north-south  axis 
by  mountain  ranges  and  high  plateaus  (Fig.  4). 
The  principal  mountain  range  areas  in  the 
north-central  region  consists  of  the  Wasatch 
Range,  having  a  north-south  axis,  and  the  Uin- 
ta Mountains  which  extend  east  and  west  near 
the  northeast  border  (Figs.  1  and  4).  South  of 
the  Uintah  Mountains  and  South  of  the 
Wasatch  Mountains  (the  latter  terminating  at 
about  the  place  where  the  town  of  Nephi  is 
located)  is  the  "plateau"  country  of  the  State. 
This  mountain  range  and  plateau  combination 
divides  the  State  more  or  less  into  eastern  and 
western  divisions.  The  western  unit  is,  in  the 
main,  a  part  of  the  Great  Basin  region  (Figs  1, 
2,  3,  and  4)  and  has  its  separate  drainage  pat- 
tern. This  is  likewise  the  case  with  the  eastern 
portion  of  the  State  which  is  a  part  of  the  Colo- 
rado River  Basin. 

The  eastern  half  is  bordered  on  the  north 
by  the  unusual  east-west  range,  the  Uinta 
Mountains  (Fig.  1)  With  the  exception  of  the 
Bear,  Weber,  and  Provo  Rivers,  which  flow 
into  the  Great  Salt  Lake,  the  drainage  from 
tliis  mountain  range  is  to  the  Colorado  River 
Basin.  The  southern  portion  of  the  Colorado 
River  Basin  within  the  confines  of  Utah  is 
very  graphically  described  in  U.  S.  Department 
of  Interior  National  Park  Service  publication, 
"A  Survey  of  the  Recreational  Resources  of  the 
Colorado  River  Basin,"   (1950). 

"It  is   a   wild   and   fantastically   eroded 
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Figure  1.    The  principal  physiographic  areas  of  Utah. 


Brigham  Young  University  Science  Bulletin 


Figure  2.    The  Great  Basin  and  Colorado  River  Basin  regions  in  Utah. 
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Figure  3.     The  Great  Basin  and  Colorado  River  Basin  regions  in  Utaii  witii  reference  to  the  politi- 
cal subdivisions. 
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Figure  4.    A  physiographic  map  of  Utah  on  which  are  identified  the  principal  biotic  communities, 
the  primary  physiographic  regions  as  well  as  drainage  basins. 
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land  of  winding  gorges  and  sandstone  mesas 
whose  vast  expanses  are  punctuated  at  ir- 
regular intervals  by  the  isolated,  steeply  up- 
thrust  masses  of  the  Henry,  Abajo,  and  Nava- 
jo Mountains.  With  the  exception  of  the 
mountain  summits,  which  are  cool  and  moist, 
the  greater  portion  of  the  area  receives  but 
little  snowfall  in  winter  and  is  characterized 
by  a  long,  warm  summer  season.  Average 
temperatures  are  higher  than  those  of  valleys 
to  the  north,  in  conformity  wdth  the  decrease 
in  latitude,  but  lower  than  those  of  deserts 
to  the  south.  The  annual  precipitation  ranges 
from  about  6  to  14  inches,  with  the  greatest 
amount  coming  from  thunderstorms  during 
July  and  August." 

"This    desolate    but    spectacular    scenic 

sandstone  area  is  referred  to  in  this  report  as 

Canyon  Lands  of  southeastern  Utah." 

The  Canyon  Land   topography   continues 

on  eastward  into  the  state  of  Colorado.    (Figs. 

2  and  4).   The  western  portion  of  the  Colorado 

River  Basin  in  Utah  is  elevated  into  a  high 

plateau  type  of  typography.   The  western  faces 

of  these  plateaus  are  deeply  cut  into  countless 

canyons  which  drain  westward  into  the  Great 

Basin.    The  eastern  escarpments  are  likewise 

cut  into  canyons  which  for  the  most  part  drain 

into  the  Colorado  River  Basin. 

From  the  standpoint  of  accessibility,  there 
is  relatively  little  hindrance  in  travel  through- 
out the  Great  Basin  area  except  perhaps  in  the 
Great  Salt  Lake  Desert  region  and  the  tops  of 
the  few  high  mountains.  The  central  moimtain 
ranges  (block  fault  mountains),  the  Uinta 
Mountain  range  and  the  western-most  part  of 
the  Colorado  River  Basin  to  a  great  extent  also 
have  been  opened  to  travel. 

The  Canyon  Land  country,  however,  pre- 
sents next  to  impossible  obstacles  in  road  build- 
ing even  though  uranium  explorers  are  now 
fingering  trails  into  some  of  this  most  formida- 
ble and  remote  country  in  the  United  States. 
There  are  no  east-west  roads  in  the  southern 
part  of  the  State  of  Utah  as  are  found  in  the 
northern  half,  owing  to  the  impassability  of  the 
rugged  terrain.  To  go  from  the  southwestern 
comer  to  the  southeastern  comer  of  the  State 
the  present  time  necessitates  a  circumventous 
route  northward  to  the  central  part  of  the  state 
and  then  southward  and  eastward  outside  of 
Utah  into  Colorado,  New  Mexico,  and  thence 
northward  into  the  Four-Comers  area.  On  the 
other  hand,  one  could  take  a  southern  route 
which  would  carry  him  into  the  State  of  Ari- 
zona, over  desolate  desert  trails  and  then  north- 


ward to  the  Four-Comers,  the  only  place  in  the 
United  States  where  four  states  of  the  Union 
border  each  other. 

There  are  extraordinary  "desert  island 
mountains"  located  in  both  the  Great  Basin 
and  Colorado  River  Basin  areas.  Such  moun- 
tains are  the  Henry  Mountains,  the  La  Sal 
Mountains  (Fig.  5),  and  the  Abajo  Mountains 
in  the  plateau  region  of  the  Canyon  Lands.  In 
the  plateau  country  south  of  the  Wasatch  Range 
are  found  high  mountain  peaks  rising  to  over 
11,000  feet  in  elevation.  In  the  Great  Basin 
are  such  liigh  mountains  as  the  Deep  Creek 
Mountains  wdth  elevations  above   12,000  feet. 

This  highly  variable  topography  of  the 
State  of  Utah  makes  a  natural  history  survej' 
very  difficult,  and  a  major  portion  of  the  funds 
allocated  for  this  study  has  had  to  be  expended 
for  travel. 

BIOTIC  COMMUNITIES  OF  THE  STATE 
OF  UTAH 

There  is  no  intent  on  the  part  of  the  author 
to  discuss  in  detail  the  biotic  areas  of  Utah. 
However,  it  wall  materially  help  the  reader  to 
orient  himself  ecologically  if  he  could  at  least 
get  a  generalized  concept  of  the  biotic  communi- 
ties in  which  these  surveys  were  conducted. 

Utah's  diversified  topography  provides  for 
a  comparable  diversification  in  biotic  com- 
munities. There  are  altitudinal  ranges  from 
2,760  feet  above  sea  level  at  St.  George  in  Wash- 
ington County,  to  King's  Peak  of  the  Uinta 
Mountain  range  in  Daggett  County,  with  an 
elevation  of  13,498  feet.  Wide  variations  in  soil 
composition,  fertility,  structure,  and  alkalininty 
likevdse  causes  marked  differences.  Conse- 
quently, the  flora  and  fauna  varies  markedly. 

There  are  three  major  biotic  habitats  in 
Utah,  when  considered  in  the  broadest  sense. 
There  are  deserts,  foothills,  and  mountains. 
Each  of  these  major  habitats  may  be  still  fur- 
ther subdivided  into  natural  biotic  communities. 
For  this  study  the  above-mentioned  habitats 
have  been  considered  as  follows: 
The  desert  region: 

The  desert  is  conveniently  separated  into 
the  northern  and  southern  deseret  shrub  biomes 
as  described  by  Fautin  (1946). 

The  southern  desert  shrub  biome  in  Utah 
is  geographically  located  in  the  southwestern 
comer  of  the  state  (Fig.  4).  It  is  identified  lo- 
cally as  the  Virgin  Valley  and  is  a  part  of  the 
Colorado  River  Drainage  system.  A  very  mild 
climate  exists  during  the  winter;  however, 
maximum  summer  temperatures  are  common 
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Figure  6.  Southern  Desert  Shrub  Community:  The  dark  colored  plants  are  Cresote  bushes,  Co- 
villea  tridentatum  Vail.  The  lighter  colored  ones  are  Krameria  glandulosa  Rose  and  Painter.  The 
foreground  is  part  of  the  Virgin  Valley  area.  In  the  background  are  the  Pine  Valley  mountains  which 
rise  to  more  than  10,000  feet  above  sea  level. 

Figure  7.  In  the  east  central  portion  of  Utah  are  extensive  plateaus  and  table  lands  possessing  shal- 
low drainage  basins,  salt  flats,  mesas  and  desert  canyons.  This  picture  was  taken  near  the  town  of 
Green  River,  Emery  County.  It  shows  a  shallow  desert  drainage  basin  of  a  rugged  canyon  country 
as  indicated  by  the  rocky  formation  in  the  distance.  This  rocky  wall-like  formation  marks  the  eastern 
flank  of  the  San  Rapheal  Swell. 
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above  100°  F.  It  is  a  land  of  arid  sand  and 
barren  rock.  Creosote,  mesquites,  and  choUa 
cactus  are  distinctive  floristic  indicators.  This 
hot  desert  situation  is  also  distinguished  under 
the  life  zone  concept  of  Merriam  (1898)  as  the 
Lower  Sonoran  Zone  (Fig.  6).  It  occupies  a 
very  small  geographic  area  in  comparison  to  the 
rest  of  the  state.  Nevertheless,  it  does  present 
a  unique  ecological  type. 

The  northern  desert  shrub  biome  consti- 
tutes the  greater  surface  area  of  Utah  (Figs.  4, 
7,  8,  and  9).  Under  the  life  zone  concept  this 
community  would  be  designated  the  Upper 
Sonoran  Zone.  It  is  contained  in  the  Great 
Basin  area  except  the  higher  mountains.  In  the 
Great  Basin  region  of  Utah,  the  topography  is 
one  of  extensive  flatlands  interrupted  at  inter- 
vals by  low-lying  block  fault  mountain  ranges 
extending  along  a  north-south  axis.  All  of  the 
Colorado  River  Basin  within  the  state,  except 
the  high  mountain  ranges  and  plateaus,  is 
characterized  by  this  northern  desert  shrub  com- 
munity. There  are  lowlands,  valleys,  plains, 
the  desert  canyons,  low-lying  mesas,  shallow 
drainage  basins,  and  salt  flats  (Fig.  7).  Found 
in  both  the  Great  Basin  and  Colorado  River 
Drainage  area  of  the  northern  desert  shrub 
community  are  such  plants  as  tri-dent  sage, 
greasewood,  saltbush,  rabbit  brush,  alkali  plants 
of  various  species,  hackberry,  white  sage,  black- 
brush,  pinyon  pine  and  juniper.  Each  of  these 
may  be  and  is  greatly  restricted  by  such  factors 
as  soil  type,  water  supply  and  degree  of  alka- 
linity. 

The  upper  limits  of  the  northern  desert 
shrub  community  in  Utah  are  reached  at  the 
foothills  of  the  mountains  and  plateaus.  The 
"pigmy  forest"  or  Pinyon-Juniper  woodland 
(Fig.  10)  is  the  most  common  plant  community 
found  at  these  elevations. 

Foothill  communities: 

As  the  name  implies,  these  foothill  areas 
are  located  at  the  meeting  place  where  the 
mountains,  mountain-high  plateaus,  and  mesas 
merge  into  the  valleys.  Here  are  found  very 
distinctive  and  interesting  biotic  communities. 
Ecologically  they  represent  an  ecotonal  situ- 
ation. They  are  the  meeting  places  of  northern 
(Boreal)  biota,  common  to  the  mountain  ranges, 
and  the  southern  (Sonoran)  biota  found  in  the 
desert  valleys.  Under  the  life  zone  concept, 
they  would  be  classified  as  the  Transition  Zone. 
In  north  and  north-central  Utah,  best  demon- 
strated at  the  foothills  region  of  the  Wasatch 
Mountains,   are   the   chaparral   shrubs   of  oak- 


brush  of  several  species,  serviceberry,  elderberry 
and  maple   (Fig.   11).    In  the  southern  part  of 
the  state,  the  ponderosa   pine  forests  denote  a 
change  from  a  strictly  mountain  foothill  brush 
land  to  one  of  a  montane  forest  type. 

Mountain  communities:  ' 

The  entire  complex  of  montane  communi- 
ties is  frequently  referred  to  as  Boreal  which 
may  be  broken  down  into  Alpine,  Hudsonian, 
and  Canadian  life  zones,  listed  here  from  high- 
est to  lowest  in  altitude,  respectively.  From  the 
standpoint  of  the  various  boitic  communities 
the  Alpine  area  is  treeless  and  tundra-like. 
Grasses,  sedges.  Parry's  Primrose,  lichens,  and 
certain  species  of  buttercups  are  common  plant 
indicators.  The  Hudsonian  zone  comprises  part 
of  the  very  distinctive  montane  forest  communi- 
ty. Here  are  found  the  Engleman  and  blue 
spruce,  alpine  fir,  lodge  pole,  foxtail,  and  limber 
pine.  Extensive  grassy  parklands  and  meadows 
may  also  be  found  in  the  montane  forest  areas, 
but  it  is  primarily  a  conifer  community.  The 
so-called  Canadian  zone  is  also  a  part  of  the 
Montane  forest,  but  altitudinally  it  is  found 
at  the  lower  limits  of  this  community.  The 
quaking  aspen,  red  cedar  (jmiiper),  mountain 
sumac,  bracken  fern,  and  blue  spruce  are  some 
common  examples  of  plants  found  here.  Doug- 
las fir  and  White  fir,  however,  are  the  best 
plant  indicators  for  this  community  (Fig.  12). 

HISTORICAL  RESUME 

Plague  and  Rocky  Mountain  spotted  fever 
are  to  be  discussed  in  separate  sections  of  this 
paper.  Significant  historical  information  will 
be  given  at  the  appropriate  place  in  the  separate 
sections  designated  for  each  subject. 
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Figure  8.  The  farming  village  of  Fruita  in  Capital  Reef  National  Monument,  Wayne  County.  This 
is  a  typical  desert  canyon  kind  of  topography  in  the  plateau  country  of  the  Colorado  Drainage  system. 

Figure  9.  Great  Basin  desert  flatland  as  seen  at  the  Desert  Range  Experiment  Station  in  western 
Millard  County.  The  light  colored  shrub  is  White  Sage  Eurotia  lanata  (Pursh).  The  darker  colored 
plants  are  predominantly  Bud  Sage  Artemesia  spinescens  Eaton,  and  the  shadscale  Atriplex  conferti- 
folia  (Torr.  &  Frem.). 
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Figure  10.     Juniper  woodland  about  3  miles  north  of  Jericho,  Juab  County,  Utah,  on  U.S.  highway  6. 
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Figure  11.  In  the  middle  distance  of  the  central  part  of  the  picture  are  the  chaparral  shrubs  typi- 
cal of  the  Transition  Zone  as  found  on  the  Wasatch  Range  in  Provo  Canyon  of  Utah  County.  On  the 
tops  of  the  mountains  are  sparse  stands  of  conifers. 

Figure  12.  A  boreal  type  of  environment  is  exhibited  by  this  mountain  scene.  It  is  near  timber- 
line  in  the  La  Sal  mountain  area  of  Grand  and  San  Juan  Counties,  Utah. 


..^.^^J 


L«' 


t;  -^? 


,«* 


^e 


r^j^'. 


**.''. 


&«": 


s->^. 


**'ii 

v***- 


■-??.;« :' 


..-.^te?^?^ 


=^  *-Vv»--*v' 


14 


Brigham  Young  University  Science  Bulletin 


cooperative  in  making  permits  available  in  or- 
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PART  I 

PLAGUE  VECTOR  INVESTIGATIONS 

INTRODUCTION 

This  report,  "should  be  considered  as  an 
attempt  to  facilitate  the  better  understanding 
of  the  present  status  of  the  problem  of  vectors 
and  reservoirs  of  plague  with  a  view  to  im- 
proving our  knowledge  of  the  subject,  particu- 
larly considering  that  sylvatic  plague  is  a  di- 
sease of  increasing  importance,  the  control  of 
which  is  still  one  of  the  main  unsolved  problems 
of  tropical  medicine."    Macchiavello,  1954. 

Anyone  acquainted  with  world  history  is 
aware  of  the  devastating  plague  pandemics  of 
the  past,  where  millions  of  people  died  from  its 
effects.  In  most  cases  these  pandemics  caused 
a  high  rate  of  mortality,  ranging  from  60%  to 
90%.  The  possibility  of  using  natural  vectors 
in  modern  biological  warfare  to  disseminate 
disease  to  a  war-stricken  population  is  frighten- 
ing to  say  the  least.  The  very  fact  that  plague 
in  both  parasite  and  host  has  been  identified 
in  Utah,  has  justified  gathering  as  much  data 
as  possible  on  vectors  and  vector-host  relation- 
ships. Each  year  new  data  are  found,  extending 
the  range  of  the  disease  from  its  originally  dis- 
covered focus  in  the  U.  S.  at  San  Francisco  in 
1900.  Concommitant  ^vith  the  geographic  ex- 
pansion of  the  disease  is  the  rapidly  expanding 
population  in  Utah  and  the  other  western  states. 
This  present  study  dealing  with  the  distribution 
of  plague  vectors,  reservoir  hosts  and  vector- 
host  relationships  for  the  State  of  Utah  should, 
therefore,  prove  valuable  to  the  science  of  pre- 
ventive medicine. 


THE   DISEASE   PLAGUE 

Etiological  aspect 

The  infectious  disease,  plague,  has  as  its 
causative  organism  the  bacilliform  bacterium 
Pasturella  pestis  Yersin.  According  to  Craig, 
Faust  and  Miller  (1951)  the  etiological  agent 
of  plague  is  a: 

"Gram-negative,  pleomorphic,  bipolar  stain- 
ing bacillus,  which  is  non-motile,  does  not 
form  spores,  but  at  times  produces  a  capsule. 
It  was  discovered  by  Yersin,  in  1894,  at  the 
beginning  of  the  extensive  pandemic  of  the 
disease  which  developed  in  Hongkong 
(China)   in  that  year." 

Host  relationship 

Plague  is  considered  a  disease  of  rodents 
even  though  since  antiquity  devastating  out- 
breaks have  occurred  in  mankind.  From  the 
standpoint  of  host-parasite  relationships  as  well 
as  the  location  of  the  bacterium  in  the  body  of 
the  host,  the  disease  is  known  under  various 
names.  The  most  commonly  used  classification 
is  murine,  sylvatic  and  human  or  bubonic 
plague. 

Non-native  rodents  as  the  gray  or  sewer 
rat,  Rattus  norvegicus  (Erxleben),  the  house 
or  ship  rat,  R.  rattus  rattus  (Linn.),  and  the 
black  Alexandrine  rat,  Rattus  rattus  alexan- 
drinus  (Geoffroy)  belong  to  the  family  of  ro- 
dents known  as  the  Muridae  and  to  the  order 
Rodentia.  The  house  mouse  Mus  musculus  L. 
also  belongs  to  this  family.  When  these  rodents 
are  infected  with  Pasturella  pestis,  the  disease 
condition  is  known  as  murine  plague. 

A  great  number  of  animals  belonging  to 
several  other  families  of  the  order  Rodentia 
have  been  found  to  act  as  reservoirs  of  plague. 
Such  an  infection  in  wild  native  rodents  is 
known  as  sylvatic  plague. 

Bubonic  plague  is  the  result  of  the  infection 
by  Pasturella  pestis  in  the  human  organism. 

Another  classification  of  the  disease  is 
based  on  the  location  of  the  disease  in  a  host's 
body.  This  classification  is  used  whether  the 
disease  is  in  the  definitive  host,  a  rodent,  or  the 
alternate  host,  man. 

The  common  name  reference  to  the  disease 
by  most  people  is  that  of  bubonic  plague.  In 
this  type  of  plague  the  usual  portal  of  entrance 
is  the  skin.  Injection  is  accomplished  by  some 
arthropod  vector,  usually  a  species  of  flea. 
Shortly  after  the  entrance  of  the  bacillus  in  a 
host's  body,  a  characteristic  swelling  occurs  at 
the  nearest  l}TTiph  node.  This  swelling  of  one 
or  more  nodes  produces  what  is  known  as  a 
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bubo,  from  which  the  term  "bubonic"  plague 
is  derived.  The  enlargement  of  the  nodes  is 
due  to  the  increased  numbers  of  P.  pestis  being 
formed  at  that  locus,  plus  increased  leucocyte 
activity. 

In  due  process  of  time,  an  infected  node 
may  become  hemorrhagic  and  the  bacilli  will 
find  their  way  to  the  blood  stream  and  are  dis- 
tributed throughout  the  body  to  produce  splee- 
nic,  hepatic,  and  other  local  infections.  Such 
systemic  distribution  is  identified  as  septicemic 
plague. 

In  septicemic  plague  a  local  infection  in 
any  organ  may  be  identified  as  hepatic  plague, 
spleenic  plague,  etc.    One  body  part  wliich  is 
seriously   affected  is   the  lung  area.    Such   an 
infection  may  have  originated  from  a  bubonic 
type  or  contracted  directly  from  another  organ- 
ism by  way  of  the  respiratory  tract.   This  type 
of  infection  is  termed  pneumonic  plague. 
According  to  Kelly  and  Hite  (1949), 
"Bubos  are  present  in  about  three-fourths  of 
the  human  cases.    Septicemia  with  hemorr- 
hages into  the  skin  and  tissues  is  commonly 
present.   The  pneianonic  variety  is  character- 
ized by  pneumonia  and  the  presence  of  or- 
ganisms {P.  pestis)  in  the  sputum." 

In  the  clinical  diagnosis  of  the  above  three 
kinds  of  disease,  classified  on  the  basis  of  lo- 
cation in  the  body,  several  procedures  are  fol 
lowed.  In  the  bubonic  form,  a  bubo  is  aspirated 
and  a  smear  is  prepared  and  examined  micro- 
scopically for  the  bacilli.  In  addition  to  this, 
the  specimen  is  cultured  in  the  laboratory,  or 
some  of  the  aspirated  fluid  is  inoculated  into  a 
laboratory  animal  for  further  identification. 
Blood  cultures  are  obtained  and  produced  from 
specimen  samples  where  septicemic  plague  is 
suspected.  In  the  pneumonic  type  the  sputum 
is  examined  microscopically  for  the  plague 
bacilli. 

It  must  be  re-emphasized  that  plague  is 
primarily  a  disease  of  rodents  and  secondarily 
of  man.  In  either  case,  however,  the  effects  are 
symptomatically  alike.  That  is,  the  disease  will 
produce  buboes  in  either  case,  be  septicemic,  etc. 
As  a  disease  it  is  just  as  infectious  and  fatal  to 
rodents  and  other  animals  as  it  is  to  man.  Epi- 
demiologically,  to  one  acquainted  with  rodent 
surveys,  it  is  clearly  demonstrated  from  time 
to  time  that  plague  epizootics  have  completely 
destroyed  large  colonies  of  animals. 

HISTORICAL   RESUME 

EIarly  historical  records 

Regarding  the  many  references  to  plague 


in  ancient  history,  religious,  political  or  other- 
wise, where  pandemics  and  epidemics  deci- 
mated great  populations  of  people,  the  exact 
etiological  agent  or  agents  are  not  known.  It  is 
generally  considered,  however,  by  most  writers 
on  the  subject  today,  that  the  earliest  records  of 
plague  were  perhaps  a  combination  of  disease 
epidemics  due  to  several  etiological  agents.  This 
was  most  likely  the  case  of  the  great  pandemics 
in  Europe,  Asia,  and  Africa  during  the  sixth 
and  fourteenth  centuries  which  resulted  in  such 
disastrous  loss  of  life. 

COSMOPOLIT.'^N    OCCURRENCE   OF   PL.^iGUE 

Historically  speaking  the  most  dramatic 
plague  was  that  known  as  the  "Black  Death" 
which  occurred  during  the  14th  Century  (1348- 
49).  The  plague  septicemia  caused  dark  spots 
to  appear  subcutaneously,  hence  the  term  "Black 
Death."  Various  figures  have  been  given,  but 
a  conservative  estimate  of  25,000,000  persons 
are  supposed  to  have  died  of  this  disease  at  that 
time.  In  Oxford,  England,  it  is  said  that  two- 
thirds  of  those  connected  with  educational  in- 
stitutions perished.  The  "Black  Death"  plague 
of  that  period  was  supposed  to  have  been  Asiatic 
in  origin,  first  invading  Nortli  Africa  and  then 
Europe. 

Another  plague  pandemic  spread  across 
Europe  and  Africa  during  the  sixteen  hundreds. 
Egypt  lost  approximately  1,000,000  of  her  in- 
habitants in  1603.  The  Great  Plague  of  Lon- 
don, 1664-1665,  caused  a  total  of  deaths  for  the 
year  1665  of  68,  596  in  population  estimated  at 
460,000. 

Meyer  (1950)  reports: 
"In  the  Pacific  Basin  recent  local  epidemics 
warn  that,  although  the  plague  problem  is 
solvable,  it  is  not  yet  solved.  In  the  post-war 
period  extensive  outbreaks  have  been  reported 
from  Java  and  China.  According  to  incom- 
plete information,  during  the  first  42  weeks 
of  1948  there  were  3,422  cases  in  Java  and 
3,365  persons  died;  in  China  in  1947  there 
were  at  least  30,000  cases.  The  old  focus  in 
BuiTna  is  still  active,  and  in  recent  years 
there  have  been  a  few  cases  of  plague  on  the 
island  of  Hawaii  and  in  New  Caledonia." 

The  outstanding  epidemic  of  the  twentieth 
century  although  not  as  great  as  the  "Black 
Death"  was  that  which  took  place  in  Manchuria 
during  the  years  1910-1911.  More  than  sixty 
thousand  persons  lost  their  lives,  the  case  fatal- 
ity being  almost  100%  and  was  primarily  of 
the  pnemnonic  type. 
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Burrows  (1949)  states: 
"During  recent  years,  plague  has  caused  terri- 
ble loss  of  life  in  British  India;  official  statis- 
tics show  that  in  the  period  from  1896  to  1918 
more  than  10,000,000  deaths  were  due  to  this 
disease." 

The    following    quotation    is    taken    from 

Hoekenga's     (1947)     article,    "Plague    in    the 

Americas:" 

"During  the  period  1899-1939,  approximately 
57,000  cases  of  human  plague  were  reported 
from  North  and  South  America  together. 
Some  2,500  more  have  been  reported  since 
then  .  .  .  Peru  has  the  unhappy  distinction  of 
having  had  more  plague  (21,037  cases)  than 
any  other  country." 

According  to  Simmons  and  Hays  (1948): 
"Plague  now  exists  in  India,  Ceylon,  Burma, 
Indochina,  Java,  China,  Manchuria,  parts  of 
Asiatic  Russia,  Hawaii,  Ecuador,  Peru,  Bo- 
livia, Argentina,  Brazil,  14  western  states  of 
the  U.  S.,  Canada,  Germany,  the  Azores, 
Madagascar,  and  many  parts  of  Africa." 

Plague  in  the  western  states  of 

THE  united  states 

C.  R.  Eskey  and  V.  H.  Haas  (1940)  of  the 
United  States  Public  Health  Service  published  a 
joint  paper  titled  "Plague  in  the  Western  Part 
of  the  United  States."  Several  quotations  have 
been  taken  from  their  publication  and  are  given 
below.  These  references  will  show  plague  in- 
cidence in  the  western  United  States  up  to  the 
year  1940,  as  well  as  provide  data  on  the  ge- 
ographic distribution  of  the  disease  to  that  date. 
Their  observations  include  both  sylvatic  and 
bubonic  records: 

"In  March,  1900,  Dr.  W.  H.  Kellog  of  San 
Francisco,  recognized  the  first  human  case 
of  plague  reported  in  the  United  States.  From 
1900  to  1904  there  were  121  cases  with  113 
deaths  reported  at  San  Francisco,  and  during 
the  second  outbreak  in  1904-08,  there  were 
160  cases  with  78  deaths.  Twelve  cases  were 
reported  in  Oakland,  located  across  the  bay 
from  San  Francisco.  In  October,  1907,  three 
cases  of  human  plague  were  discovered  at 
the  port  of  Seattle." 

"Due  to  the  discovery  of  plague  in  Montana 
in  that  year  (1935)-  three  more  units  (U.S. 
P.H.S.  mobile  field  survey  units)  were  sent 
into  the  field  in  1936." 
"Since  the  spring  of  1935  field  investigations 
have  been  conducted  in  the  11  Pacific  Coast 
Rocky  Mountain  States  and  foci  of  wild  ro- 


2    Plague  of  sylvatic  nature  was  discovered  by  a  U.S. P.H.S.  unit  in 
1935  in  the  state  of  Montana. 


dent  plague  have  been  discovered  in  all  of 
them  except  Colorado." 

The  sylvatic  plague  studies  by  Ecke  and 
Johnson  (1950)  in  Colorado  showed  extensive 
distribution  of  the  disease  among  prarie  dogs 
and  ground  squirrels. 

"Plague  in  Park  County,  Colorado,  was  first 
discovered  in  the  simimer  of  1945,  and  spread 
across  the  country  through  the  prairie  dog 
population  in  two  years.  In  less  than  four 
years,  it  had  killed  practically  all  of  the  dogs 
on  about  627,000  acres." 

V.  B.  Link,  reporting  in  the  September  30, 
1950  "Journal  of  the  American  Medical  As- 
sociation," had  the  followdng  to  say  about  plague 
distribution  in  the  Western  United  States: 

"Human  plague  attributable  to  contact  with 
infected  wild  rodents  was  limited  to  Calif- 
forina  until  1934,  when  a  human  case  was 
reported  in  Lake  County,  Ore.  Infected  ro- 
dents were  found  in  Oregon  in  1935  and 
successively  in  the  following  states:  Mon- 
tana, 1935;  Idaho,  1936;  Nevada,  1936;  Utah, 
1936;  Wyoming,  1936;  Washington,  1937; 
Arizona,  1938;  New  Mexico,  1938;  Colorado, 
1941;  North  Dakota,  1941;  Oklahoma,  1944; 
Kansas,  1945;  and  Texas,  1946.  Surveys 
have  been  conducted  in  over  600  counties  of 
the  17  westernmost  states,  and  plague  has 
been  found  nearly  4,000  times  in  the  rodents 
of  132  cotmties  of  15  of  these  states.  South 
Dakota  and  Nebraska  being  the  exceptions." 
With  regard  to  North  America,  Hubbard 
(1947)  has  this  to  say: 
"From  its  inception  into  man  in  North  Ameri- 
ca in  1900,  plague  has  been  found  in  506 
persons,  321  of  whom  died  of  the  infection. 
Eight  states  have  reported  human  cases." 

Plague  in  Utah 

In  Allred's  (1952)  study  of  the  distribution 
of  some  fleas  known  to  be  capable  and  potential 
vectors  of  plague  in  Utah,  he  noted  that  plague 
had  been  recorded  from  the  followdng  eleven 
of  the  twenty-nine  counties  of  the  state  of  Utah 
since  the  first  discovery  in  Beaver  County  in 
1936: 

Beaver  County,  July  1936  (Bubonic  and  Syl- 
vatic) 

Sevier  County,  July  1936 

Garfield  County,  August,  1936 

Morgan  County,  August,  1937 

Salt  Lake  County,  September,  1948 

Millard  County,  November,  1939 

Kane  County,  May,  1938 

Rich  Coimty,  July,  1938 

Wasatch  County,  August,  1937;  June,  1938 
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Weber  County  (No  date  given) 
Iron  County   (No  date  given) 

PLAGUE   AND   ENDEMICITY 

There  are  two  schools  of  thought  regarding 
plague  distribution.  Meyer  (1943),^  Meyer  and 
Holdeni-ied  (1949)  for  example  maintain  that 
plague  may  be  endemic  from  a  distributional 
point  of  veiw;  i.e.,  it  exists  and  has  existed  in 
the  various  areas  where  it  has  been  discovered 
and  has  not  necessarily  been  introduced  from 
elsewhere.  In  the  latter  work,  Meyer  and  Hol- 
denried  studied  a  plague  epidemic  in  California 
involving  squirrels  and  non-native  rats.  From 
the  summary  of  their  publication  the  following 
quotations  are  given: 

"Xenopsylla  cheopis  was  not  found  on  the 
rats,  but  the  relatively  poor  vector  the  mouse 
flea  (Leptosylla  segnis),  and  a  few  Nosop- 
sylla  jasciatus  were  present.  Rat  fleas  were 
not  found  on  the  squirrels.  Thus  it  is  not  un- 
likely that  the  squirrel  fleas  not  only  intro- 
duced, but  also  maintained  the  infection  in 
the  rat  population." 

"These  observations  conclusively  prove  for 
the  first  time  that  plague  may  be  spread 
from  wild  to  domestic  rodents." 

Diuing  the  several  years  that  the  author 
has  conducted  plague  vector  surveys  throughout 
Utah,  there  have  been  occasions  when  there  was 
observed  what  appeared  to  be  epizootics  of  old 
and  recent  occurrence  among  rodent  colonies. 
In  some  of  these  examples  the  native  rodent 
colonies  were  far  removed  from  contact  with 
domestic  rodents  and  their  flea  parasites.    An 
example  of  plague  existing  in  localities  far  re- 
moved from  domestic  rat  contamination  is  de- 
scribed by  Eskey  &  Haas  (1940,  op.  cit.,  p  16). 
"Trapping  conducted  on  a  routine  basis  yield- 
ed plague-infected  fleas  from  a  wood  rat  in 
Kane  County,  Utah.    In  16  nests  of  these  ro- 
dents which  were  demolished,   13   carcasses 
were  found,  indicating  an  epizootic;  no  one 
in  the  vicinity  had  been  aware  of  anything 
unusual  in  regard  to  the  wood  rats." 

These  authors  in  the  same  publication 
(page  19)  have  this  to  say  regarding  plague 
distribution  in  the  western  U.  S.: 

"It  has  been  pointed  out  under  the  discussion 
of  rodent  epizootics  that  the  spread  of  plague 
into  inland  regions  of  the  continent  has  been 
a  gradual  and  logical  progression  through  a 
period  of  nearly  40  years  during  which  time 

3  C.  F.  Craig  and  E.  C.  Faust  in  their  text.  "Clinical  Parasitology." 
page  81S,  1951,  refer  to  Meyer  (1!MJ)  as  follows:  "supports  the 
theory  that  wild  rodent  plague  was  present  before  the  development 
of  urban  rodent  plague  in  California." 


the  infection  has  become  established  among 
wild  rodents  from  the  Pacific  Mountains." 
"These  characteristic  epizootics,  followed  by 
subsidence  of  the  disease  into  the  enzootic 
state,  when  considered  in  the  light  of  the  logi- 
cal inland  progression  of  the  infection  among 
the  wild  rodents,  support  the  impression  that 
plague  is  a  disease  with  which  they  (the  ro- 
dents) are  in  the  process  of  acquiring  the 
type  of  communal  resistance  which  results 
from  longer  contact  with  an  infectious  disease 
of  this  type." 

"The  establishment  of  plague  among  our  wild 
rodents  is  now  so  widespread,  and  has  en- 
dured under  so  many  different  conditions  of 
climate  and  rodent  ecology,  that  it  must  be 
regarded  as  peiinanent." 

If  the  concept  as  given  above  in  extract 
from  the  study  by  Eskey  and  Haas  (1940)  is 
correct  there  may  in  part  be  some  explanation 
why  there  are  such  conditions  of  pandemic 
proportion  in  human  infection,  with  occasional 
recurrence,  resulting  eventually  in  epidemic 
outbreaks  and  finally  sporadic  occurrences  of 
single  cases.  From  the  standpoint  of  biogeog- 
raphy  the  distribution  of  plague  has  both  en- 
demic and  non-endemic  aspects. 

Even  though  rodents  of  the  genera  Citellus, 
Neotoma  and  Cynomys  are  considered  the  most 
general  reservoirs  of  infection,  several  other 
genera  of  rodents  can  maintain  an  infection 
reservoir.  Such  animals  are  the  chipmunk 
Eutamias  sp.,  tree  squirrel  Tamiasciurus  sp., 
and  marmot  Marmota  sp. 

The  condition  of  having  plague  infected 
murine  rodents  come  in  contact  with  endemic 
rodents  makes  possible  the  establishment  of  a 
reservoir  of  sylvatic  plague.  The  principal  rea- 
son of  importance  can  be  appreciated  when 
one  realizes  the  close  association  between  Rattus 
rattus  alexandrinus,  Rattus  rattus  rattus,  and 
R.  norvegicus,  man,  and  the  flea  vectors  which 
live  with  the  rats  and  which  readily  bite  man. 

Meyer  and  Holdenried  (op.  cit.,  1949) 
concluded  that  a  murine  infection  may  be  de- 
rived from  on  endemic  infection.  If  such  is  the 
case,  there  is  then  created  a  serious  situation. 
It  is  possible,  to  have  a  plague  enzootic  in  native 
rodents  which  will  provide  a  reservoir  of  infec- 
tion for  murine  hosts,  or  have  an  enzootic  in 
murine  hosts  which  may  act  as  a  source  of 
infection  for  sylvatic  rodents.  In  either  case, 
however,  an  epizootic  of  major  or  minor  pro- 
portions, may  break  out.  The  greater  the  epi- 
zootic among  rodents  the  greater  the  chance 
for   human   infection   either   by   direct   contact 
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with  an  infected  animal  or  by  vector  transmis- 
sion, usually  by  a  species  of  flea.  In  Utah,  es- 
pecially in  those  areas  where  population  den- 
sity is  greatest,  there  are  found  conditions  of 
distribution  allowing  for  direct  contact  between 
ground  squirrels  and  the  Norway  rats.  Capable 
vectors  for  plague  are  found  on  both  hosts  and 
interchange  has  certainly  taken  place.  (Table 
1). 

PLAGUE  AND   PLAGUE  VECTORS 

Many  species  of  fleas  have  been  shown 
to  be  vectors  of  plague.  Lice  and  ticks  are  also 
known  to  demonstrate  plague  experimentally 
but  are  of  no  importance  as  far  as  our  field 
surveys  have  revealed. 

The  most  usual  process  of  plague  trans- 
mission by  the  flea  is  in  the  main  the  result 
of  what  is  known  as  a  "blocked"  condition.  A 
blood  meal  from  an  infected  host  is  taken  up 
by  a  flea  and  passed  along  the  esophagus  to  the 
proventriculus.  This  structure  is  an  enlarged 
bulbous  part  of  the  alimentary  canal  just  an- 
terior to  the  stomach.  The  peculiarity  in  struct- 
ure of  the  proventriculus  allows  the  plague  ba- 
cillus in  the  blood  to  multiply  and  increase  in 
numbers  sufficient  to  "block"  off  the  passage 
of  the  blood  to  the  stomach.  In  many  cases  the 
blocking  may  occur  in  the  stomach  region.  The 
flea,  unable  to  get  sustenance  from  its  blood 
meal  feeds  again,  perhaps  from  an  infected  host 
or  another  host  free  from  plague.  In  the  pro- 
cess of  feeding,  due  to  an  already  filled  esopha- 
gus and  proventriculus  or  stomach,  it  may  re- 
giirgitate  its  previous  meal  plus  plague  bacilli 
and  a  reinfection  or  new  infection  results. 

It  is  well  known  that  some  species  of  fleas 
are  more  efficient  vectors  of  plague  than  otliers. 
For  example,  Eskey  and  Haas  (1940,  op.  cit. 
p.  42)  in  their  laboratory  tests  found  that  Oro- 
psylla  idahoensis  (Baker)  and  Malareus  telchin- 
um  (Roth)  were  poor  vectors  and  stated  that 
in  the  case  of  M.  telchinum,  "these  fleas  could 
not  be  natural  vectors  of  the  infection."  On  the 
other  hand,  the  rat  fleas  Xenopsyla  cheopis 
(Roth)  and  Nosopsyllus  fasciatus  (Bosc  d' An- 
tic) were  demonstrated  experimentally  to  be 
equally  effective  as  vectors  of  plague.  The  gene- 
ral conclusion  reached  by  Eskey  and  Haas  in 
laboratory  tests  was:  "That  some  of  the  wild 
rodent  fleas  are  as  capable  vectors  as  either  of 
the  rat  fleas." 

In  the  examples  given  above,  reference 
has  been  directed  to  laboratory  experiments  on 
disease  transmission.  When  attention  is  di- 
rected  to  natural   transmission,  it  is  likewise 


discovered  that  some  species  of  fleas  are  more 
efficient  vectors  than  others.  This  efficiency 
seems  to  be  associated  with  the  rate  of  incuba- 
tion of  the  infective  agent  in  the  body  of  the  flea 
which  Eskey  and  Haas  terms  the  "extrinsic 
incubation  of  the  infection"  and  which  Sim- 
mons and  Hays  (1948,  op.  cit.,  p.  1679)  say, 
"has  been  observed  to  range  from  5  to  130  days. 
This  range  exists  among  different  species  and 
even  between  different  individuals  of  at  least 
two  species.  A',  jaciatus  and  Opisocrostis  labis." 
Xenopsylla  cheopis  is  the  most  common 
and  efficient  vector  of  plague  where  plague  of 
bubonic  nature  is  considered  as  endemic,  such 
as  in  India  (flea  sometimes  termed  "Indian  rat 
flea"  as  well  as  the  "Oriental  rat  flea")  parts  of 
Africa,  South  America,  North  America,  and 
the  U.  S.  It  readily  bites  man  and  can  be  ex- 
pected to  be  found  wherever  domestic  rats  have 
become  distributed  although  this  is  not  a  hard 
and  fast  rule.  For  example,  X.  cheopis  has  been 
but  rarely  found  in  Utah  as  far  as  present  col- 
lection records  show,  even  though  domestic  rats 
are  widely  distributed  in  the  north-central  part 
of  the  state. 

Simmons  and  Hays  (1948,  op.  cit.,  p.  1680) 
say: 

"It  seems  probable  that  human  (bubonic) 
plague  may  be  perpetuated  by  Pulex  irritans 
Linnaeus,  without  intervention  of  rats.  Such 
a  mode  of  spread  may  have  been  active  in 
the  Black  Death  and  the  great  plague  of 
London." 

Craig  et.  al.,  (1951,  op.  cit.,  p.  816)  in  re- 
ferring to  studies  made  by  Eskey  say: 

"On  epidemiological  grounds,  Eskey  (1930) 
believes  that  Pulex  irritans  is  probably  re- 
sponsible for  most  of  the  human  cases  of 
plague  in  the  high  mountain  districts  of 
Ecuador,  where  X.  cheopis  does  not  occur, 
although  in  Guayaquil  the  latter  is  the  only 
flea  apparently  responsible  for  epidemic  out- 
breaks in  human  population  (Eskey  1938)." 
Quoting  further  from  Simmons  and  Hays 
(1948,  op.  cit,  p.  1678): 

"Diamanus  montanus  and  HoplopsyUus  ano- 
malus  (are  considered  important  as  actual 
and  potential  vectors  of  plague)  in  the  west- 
em  part  of  the  United  States;  Nosopsyllus 
silantievi  and  A',  tesquoruni  in  Mongolia; 
Rhopalopsyllus  cavicola  in  Argentina  and 
Ecuador;  X.  erides,  DinapsyUus  lypusus  and 
Chiastopsyllus  rossi  in  South  Africa;  X.  bra- 
siliensis  in  Uganda,  Kenya  and  Nigeria  (Afri- 
ca); and  Pulex  irritans  in  many  parts  of  the 
world." 
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Canis  familiaris 

X 

Canis  latrans 

X 

Citellus  armatus 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X     X 

X 

Citellus  lateralis  ssp. 

X 

X 

X 

X 

X 

X 

Citellus  richardsoni 

X 

X 

X 

X 

X 

Citellus  leucurus  ssp. 

X 

X 

X 

X 

X 

X 

X 

X 

Citellus  townsendii  ssp. 

X 

X 

X 

X 

X 

X 

X 

X 

Citellus  t.  mollis 

X 

X 

X 

X 

X 

X 

CiteUus  variegatus  ssp. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Citellus  V.  gr2mnmurus 

X 

X 

Citellus  beldingi 

X 

X 

Clethrionomys  sp. 

X 

Clethrionomys  gap.  galei 

X 

Cynomys  gunnisoni  ssp. 

X 

X 

Cynomys  leucurus 

X 

X 

X 

X 

X 

X 

X 

Cynomys  parvidens 

X 

X 

X 

X 

X 

Dipodomys  merriami  ssp. 

X 

Dipodomys  ordii  ssp. 

X 

X 

X 

Eutamias  minimus  ssp. 

X 

X 

X 

X 

Eutamias  quadrivittatus  ssp. 

X 

X 

X 

X 

Eutamias  dorsalis 

X 

X 

Felis  domestica 

X 

Glaucomys  sabrinus 

X 

Lepus  califomicus  ssp. 

X 

X 

X 

X 

Lynx  rufus  ssp. 

X 

Marmota  flaviventer  ssp. 

X 

X 

X 

X 

X 

X 

X 

X 

Microtus  montanus  ssp. 

X 

X 

X     X 

X 

X 

Microtus  longicaudus  mordax 

X 

Microtus  pennsylvanicus  ssp. 

X 

X 

Mas  musculus  ssp. 

X 

X 

X 

Mustela  frenata  ssp. 

X 

X 

X 

X 

Mustela  sp.  X 

Neotoma  lepida  ssp.  X     X     X     X 


Table  1.    Vector-host  relationship  in  Utah  collections  for  vectors  of  plague  listed  as  capable  vectors. 
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Neotoma  1.  lepida 

X 

Neotoma  cinerea  ssp. 

X 

X 

X 

X 

X 

Neotoma  c.  acraia 

Ochotona  princeps  ssp. 

X 

Onychomys  leucogaster  ssp. 

X 

Perognathus  parvus  ssp. 

X 

Perognathus  sp. 

Peromyscus  ma-nlculatus  ssp. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X     X 

Peromyscus  boylii  ssp. 

X 

X 

X 

X 

Peromyscus  crinitus  ssp. 

Peromyscus  truei 

X 

X 

X 

Peromyscus  eremicus 

X 

X 

X 

Phenacomys  intermedius  ssp. 

X 

X 

X 

Rattus  norvegicus  ssp. 

X 

X 

X 

X 

Rattus  rattus  alexandrinus 

X 

Rattus  rattus  rattus 

X 

Reithrodontomys  megalotis  ssp. 

X 

Sorex  sp. 

Sorex  vagrans 

X 

Spilogale  gracilis  ssp. 

X 

X 

Spilogale  g.  saxatalis 

X 

X 

Sylvilagus  auduboni  ssp. 

X     X 

Sylvilag^us  a.  warreni 

Sylvilagus  idahoensis 

X 

Sylvilagus  nuttallii  ssp. 

Sylvilagus  sp. 

X 

X     X 

X 

Sciurus  aberti  ssp. 

Tamiasciui-us  hudsonicus  ssp. 

X 

X 

X 

Thomomys  bottae  ssp. 

X 

Thomomys  talpoides  ssp. 

Vulpes  macrotis  ssp. 

X 

X 

Zapus  princeps 

X 

X 

Table  1.   (Continued)     Vector-host  relationship  in  Utah  collections  for  vectors  of  plague  listed  as  capable  vectors. 
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Seasonal  variations  in  vector  populations 

An  understanding  of  plague  vector  re- 
lationships involves  the  matter  of  seasonal  vari- 
ations, with  special  reference  to  populations. 
That  there  is  seasonal  variation  of  this  type,  in 
rodent  infestation  by  fleas,  is  well  known  for 
certain  species.  Both  Eskey  and  Haas  (1940), 
and  Holdenried,  Evans  and  Longanecker  (1951) 
showed  this  to  be  true  with  Diamanus  montanus 
(Baker)  and  Hoplopsyllus  anomalus  (Baker). 
These  two  species  of  fleas  are  capable  vectors 
of  plague.  Holdenried,  et  al,  showed  H.  ano- 
malus to  be  abundant  from  October  through 
March,  while  Diamanus  montanus  was  most 
abmidant  in  other  months  with  a  low  density 
of  population  in  the  springtime.  These  authors 
worked  with  Citellus  beechyi  douglasii  (Rich- 
ardson), the  common  California  ground  squir- 
rel. This  squirrel  is  one  of  the  common  host 
reservoirs  of  the  plague  organism  in  California. 
In  some  aspectional  field  studies  with  Anomiop- 
syllus  amphibolus  Wagner,  a  consors  of  Neo- 
toma  lepida  Thomas,  conducted  as  a  part  of 
these  investigations,  there  were  found  distinct 
population  changes  during  a   12-month  period. 

RESERVOIR  HOSTS  AND 
PLAGUE  VECTORS 

The  following  taxonomic  orders  of  mam- 
mals are  listed  in  order  of  importance  as  reser- 
voir hosts  for  plague:  Rodentia,  Lagomorpha, 
and  Carnivora.  The  genera  and  species  of  ani 
mal  reservoirs  found  in  these  orders  differ  when 
analyzed  on  a  world-wide  basis.  For  example, 
the  squirrel  genus  Citellus  repi'esented  by  seve- 
ral species,  is  the  most  important  sylvatic  genus 
which  acts  as  a  reservoir  host  for  plague  in  the 
western  United  States.  In  South  Africa,  Davis 
(1948)  reports  that  the  primary  rodent  reser- 
voir of  a  sylvatic  nature  are  the  gerbils  of  the 
genus  Tatera,  represented  by  several  species. 

The  order  Rodentia  includes  both  "Murine" 
and  "Sylvatic"  plague  host  reservoir  animals. 
The  murine  reservoir  includes  those  species  and 
genera  of  hosts  belonging  to  the  family  Muridae 
and  represented  prominently  by  domestic  rats, 
house  or  ship  rats  Rattus  r.  rattus,  Norway  or 
sewer  rats  Rattus  nvrvegicus,  Alexandrine  rat 
Rattus  r.  alexandrinus  and  the  house  mouse 
Mus  musculus. 

The  order  Lagomorpha  includes  rabbits 
and  hares  represented  by  such  genera  as  Syl- 
vilagus  and  Lepus.  Their  several  species  act  as 
reservoir  hosts  for  plague. 

The  Carnivora  apparently  rarely  serve  as 
host  reservoirs  for  plague. 


Taxidea  taxus  neglecta  (Mearns),  the 
badger  of  the  western  U.  S.,  is  a  carnivore 
which,  however,  has  been  shown  to  act  as  a 
resei-voir  for  the  plague  organism. 

Reservoir  hosts  of  plague  in  Utah 

This  particular  subject  will  be  discussed 
under  two  headings: 

1.  Those  species  of  animals  in  Utah  which 
have  been  found  infected  with  the  plague 
organism  P.  pestis. 

2.  Those  species  of  animals  in  Utah  which 
have  been  found  to  be  plague  positive  in 
other  states  but  although  distributed  in 
Utah,  have  not  as  yet  been  found  to  harbor 
plague  the  organism. 

The  first  discovery  of  plague  in  Utah  was 
made  in  July,  1936,  (Public  Health  Reports, 
Vol.  51,  p.  1138).  Since  that  time,  through 
surveys  by  the  U.  S.  Public  Health  Service, 
thirteen  of  the  twenty-nine  counties  in  Utah 
have  had  some  plague  incidence  indicated.  Un- 
doubtedly an  intensified  state-wide  bacterio- 
logical sui-vey  would  greatly  extend  the  inci- 
dence. Dr.  D.  M.  Allred,  (1952)  a  former 
associate  in  these  investigations,  has  listed  in- 
formation on  plague  discoveries  in  Utah  from 
1936  to  and  including  1949,  as  follows: 

Beaver  County:  Citellus  variegatus,  July  and 
August,   1936;   Marmota  flaviventer,  July 
1936. 
Sevier    County:    Citellus    variegatus,   July, 

1936;  C.  armatus.  May,  1949. 
Garfield  County;   Cynomys  parvidens,  Aug- 
ust, 1936. 
Morgan    County:     Citellus    variegatus,   August, 

1937. 

Kane  County:  Neotoma  lepida.  May,  1938. 

Rich  County:  Citellus  armatus,  July,  1938. 

Wasatch  County:  C.  armatus,  August,  1937 
and  June,  1938. 

Salt  Lake  County:  C.  variegatus,  Sept.,  1948 
and  March,  1949;  Peromyscus  manicula- 
tus,  Sept.,  1948. 

Millard  Covmty:  In  late  November  or  early 
December  of  1939,  a  man  supposedly  con- 
tacted plague  from  skinning  a  coyote. 
(From  conversation  with  residents  who  re- 
member the  case,  the  writer  has  strong 
reason  to  believe  that  the  man  had  some 
other  disease  contracted  from  some  other 
source.) 

Weber  and  Iron  Counties:  The  Communi- 
cable Disease  Center  Bulletin  (1948)  lists 
plague  as  having  occurred  in  these  coun- 
ties, but  gives  no  specific  date,  host,  or 
locality. 
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Grand  and  San  Juan  Counties:  During  1949, 
a  hyper-epizootic  occurred  among  prairie 
dog  colonies  in  these  counties.  However, 
no  evidence  was  found  to  indicate  sylvatic 
plague  as  the  cause  of  the  decrease  in  popu- 
lation. 

At  one  time  in  southern  and  western  Utah 
County  there  where  great  numbers  of  Citellus 
townsendi  mollis,  the  Townsend  ground  squir- 
rel. This  was  likewise  true  of  other  areas  in  the 
Great  Basin  of  Utah.  Now  there  are  only 
scattered  colonies  with  very  little  continuity 
of  distribution.  Colonies  in  Utah  County  are 
practically  non-e.xistent.  As  observed  by  the 
writer,  from  1921-28,  the  ground  squin-el  Citel- 
lus armatus  was  continuous  in  distribution 
throughout  the  Marsh  Valley,  and  the  Portneuf 
River  areas  between  McCammon  and  Lava  Hot 
Springs  in  Bannock  County,  Idaho.  According 
to  the  testimony  of  residents  who  have  lived  in 
those  areas  all  their  lives,  from  1940  to  1946 
ground  squirrels  became  practically  extinct.  Of 
late  years  they  are  beginning  to  increase  but 
are  still  not  common.  On  inquiry  in  August 
1954  in  Bannock  County,  I  was  informed  that 
now  and  again  a  ground  sqiurrel  {Citellus  arm- 
atus)is  seen.  This  information  was  given  from 
specific  localities  where,  as  a  youth  (1920-25) 
the  writer  was  involved  in  poisoning  programs 
where  thousands  of  specimens  were  killed. 

Almost  complete  decimation  of  whole  ro- 
dent populations  during  a  single  season  has 
been  commonly  met  with  during  the  present 
survey.  In  fact  the  disappearance  of  once 
abundant  rodent  populations  had  been  too  con- 
sistent to  be  a  happenstance.  These  extreme 
fluctuations  in  rodent  populations  may  be  due 
in  part  to  man's  interference  with  environment- 
al conditions,  or  perhaps  it  is  a  reflection  of  the 
inherent  populations  rhythm  noted  in  some 
animals. 

It  is  also  possible  that  the  almost;  and,  in 
some  cases,  complete  disappearance  is  due  to  a 
disease  agent  and  the  vectors  involved.  Ecke 
and  Johnson  (1950)  found  that  the  disease 
plague,  contributed  to  a  practical  elimination  of 
all  prairie  dogs  over  an  area  of  627,000  acres 
in  Park  County,  Colorado. 

An  examination  of  the  literature  from 
many  sources,  especially  the  Public  Health  Re- 
ports, reveal  that  there  are  sixty-eight  species 
and  subspecies  of  plague  implicated  mammals 
occurring  in  the  western  United  States  in  which 
the  plague  organism  has  been  found.  They  are 
shown  below: 

Citellus  armatus  (Kennicott) 


C.  beecheyi  beecheyi  (Richardson) 
C.  beecheyi  douglasii  (Richardson) 
C.  beecheyi  fisheri  (Merriam) 
C.  beecheyi  nudipes  Huey 
C.  beldingi  oregonus  (Merriam) 
C.  columbinus  columbianus  (Ord) 
C.  columbianus  ruficaudus  Howell 
C.  idahoensis  Merriam 
C.  lateralis  chrysodeirus  (Merriam) 
C.  mexicanus  parvidens  (Mearns) 
C.  richardsonii  elegans  (Kennicott) 
C.  richardsonii  nevadensis  Howell 
C.  richardsonii  richardsoni  (Sabine) 
C.  spilosoma  major  (Merriam) 
C.  townsendii  mollis  (Kennicott) 
C.  tridecemlineatus  ssp. 
C.  variegatus  grammurus  (Say) 
C.  variegatus  Utah  Merriam 
C.  washingtoni  loringi  Howell 
C.  washingtoni  washingtoni  Howell 
Cynoniys  gunnisoni  gunnisoiii  (Baird) 
C.  gunnisoni  zuniensis  HoUister 
C.  leucurus  (Merriam) 
C.  ludovicianus  arizonensis  Mearns 
C.  parvidens  Allen 
Dipodomys  ordii  ordii  Woodhouse 
Eutamias  quadrivittatus  f rater  (Allen) 
E.  minimus  ssp. 

Glaucomys  sabrinus  lascivus  (Bangs) 
Lagurus  curtatus  ssp. 
Lepus  californicus  ssp. 
Marmota  flaviventer  avara  (Bangs) 
M.  flaviventer  engelhardti   (Allen) 
M.  flaviventer  flaviventer  (Audubon  &  Back- 
man) 
M.  flaviventer  nosophora  Howell 
Microtus  californicus  ssp. 
M.  nanus  ssp. 
M.  montanus  ssp. 
M.  townsendii  (Bachman) 
Mus  musculus  ssp. 
Mustela  sp. 
Neotoma  albigula  ssp. 
A^.  cinerea  occidentalis  (Baird) 
A',  fuscipes  mohavensis  Elliot 
A^.  lepida  intermedia  (?) 
A',  lepida  lepida  Thomas 
A^.  micropus  ssp. 
Onychomys  leucogaster  ssp. 
O.  torridus  ssp. 
Oryzomys  sp. 
Perognathus  sp. 
Peromyscus  boylii  ssp. 
P.  leucopus  ssp. 
P.  maniculatus  ssp. 
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P.  truei  gilberti  Allen 

P.  truei  truei  (Schufeldt) 

Rattus  norvegicus  (Erxleben) 

R.  rattus  alexandrinus  (Geoffroy) 

R.  rattus  rattus  (Linnaeus) 

Reithrodontomys  megalotis  ssp. 

Sigmodon  hispidus  ssp. 

Sylvilagus  auduboni  ssp. 

S.  bachmani  ssp. 

S.  nuttallii  nuttallii  (Bachman) 

Tamiasciurus  douglasii  albolimbatus  (Allen) 

Taxidea  taxus  neglecta  (Mearns) 

Thomornys  talpoides  ssp. 

Of  the  above  listed  species  and  subspecies 
there  are  forty-one  species  and  subspecies  of 
these  plague  implicated  mammals  represented 
in  Utah.    This  list  is  given  below: 

Citellus  armatus  (Kennicott) 

C.  beldingi  ssp. 

C.  lateralis  ssp. 

C.  richardsonii  elegans  (Kennicott) 

C.  spilosoma  major  (Merriam) 

C.  townsendii  mollis  (Kennicott) 

C.  tridecemlineatus  ssp. 

C.  variegatus  grammurus  (Say) 

C.  variegatus  Utah  Merriam 

Cynomys  gunnisoni  zuniensis  Hollister 

C.  leucurus  Merriam 

C.  parvidens  Allen 

Dipodomys  ordii  ordii  Woodhouse 

Eutamias  quadrivittatus  ssp. 

E.  minimus  ssp. 

Glaucomys  sabrinus  ssp. 

Lagurus  curtatus  ssp. 

Lepus  californicus  ssp. 

Marmota  flaviventer  engelhardti  (Allen) 

M.  flaviventer  flaviventer  (Audubon  &  Bach- 
man)^ 

Microtus  montanus  ssp. 

Mus  musculus  ssp. 

Mustela  sp. 

Neotoma  albigula  ssp. 

N.  cinerea  ssp. 

A',  lepida  lepida  Thomas 

Onychomys  leucogaster  ssp. 

O.  torridus  ssp. 

Perognathus  sp. 

Peromyscus  boylii  ssp. 

P.  maniculatus  ssp. 

P.  truei  ssp. 

P.  truei  truei  (Schufeldt) 

Rattus  norvegicus  (Erxleben) 

R.  rattus  rattus  (Linnaeus) 

Reithrodontomys  megalotis  ssp. 

5  This  species  is  most  liltely  A/.  /.  nosophora  Howell,  as  A/.  /,  jlavi- 
venter  is  restricted  to  Sierra  Nevada  in  the  vicinity  of  Lake  Ta- 
hoe,  M.  /.  nosophora  is  widely  distributed  in  mountainous  areas 
of  the  northern  half  of  Utah. 


Sylvilagus  auduboni  ssp. 

S.  nuttallii  nuttallii  (Bachman) 

Taxidea  taxus  ssp. 

Thomomys  talpoides  ssp. 

R.  rattus  alexandrinus  (Geoffroy) 

See  Table  5  for  a  listing  of  plague  vector 
implications  with  reference  to  distribution. 

Fleas  as  pl.\gue  vectors  in  Utah 

According  to  Simmons  and  Ilays  (1948, 
op.  cit.,  p.  1678),  "Thirty-nine  American  fleas 
have  been  shown  infectable  with  plague  in  the 
laboratory,  and  twenty-eight  are  cipable  vec- 
tors." This  agrees  closely  wdth  the  figure  of 
Allred  (1952,  op.  cit.,  p.  67),  in  which  he  men- 
tions, "Various  workers  have  implicated  more 
than  sixty  species  and  subspecies  of  fleas  with 
human  and  sylvatic  plague  throughout  the 
world.  Of  this  number,  over  forty-five  species 
and  subspecies  are  known  to  occur  in  the  U.  S." 

During  the  last  three  years  while  the 
plague- vector-host  distribution  studies  have  been 
in  progress  in  Utah,  a  total  of  78  species  and 
subspecies  of  fleas  have  been  collected.  Of  this 
number  there  are  represented  in  Utah  32  spe- 
cies and  subspecies  which  are  known  to  be 
plague  implicated.  This  plague  implication  is 
of  two  types,  potential"  or  capable'  with  regard 
to  vector  relationship. 

Fleas  and  murine  plague  in  Utah 

Fleas  show  a  certain  specificity  in  host 
preference  even  though  there  is  a  definite  inter- 
change of  parasites  at  times.  The  degree  of  in- 
terchange is  greatly  affected  by  the  factor  of 
proximity  of  association  the  different  species  of 
fleas  have  geographically,  the  population  dens- 
ity of  each  species  of  flea  involved,  the  geo- 
graphical distribution  of  the  host  animal,  as 
well  as  seasonal  and  climatic  factors  affecting 
both  host  and  vector. 

Xenopsylla  cheopis  is  usually  considered 
to  be  associated  with  domestic  rats.  However, 
in  Utah  this  species  has  been  taken  but  rarely 
and  then  only  from  Rattus  rattus  alexandrinus 
in  Salt  Lake  City.  On  the  other  hand,  the  rat 
flea  Nosopsyllus  fasciatus  (Bosc.)  has  been  ta- 
ken in  most  instances  where  the  Norway  rat 
Rattus  r.  norvegicus  has  been  cx)llected  in  Utah. 

The  limiting  factors  in  the  distribution  of 
the  Noi-way  rat,  R.  rattus  norvegicus  in  Utah 
are  not  known.   The  general  area  of  location  at 

6  A  potential  vector  is  one  which  demonstrates  the  presence  of  the 
etiological  agent  in  its  body  but  has  not  been  found  to  transmit 
the  disease   organism  either  experimentally  or  naturally. 

7  A  capable  vector  shows  the  presence  of  the  disease  in  the  body  o( 
the  vector  and  has  demonstrated  the  ability  to  transmit  the  disease 
either  experimentally  or  naturally. 
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present  is  along  the  base  of  the  Wasatch  range 
of  the  mountains  from  Santaquin,  Utah  north 
to  the  Utah-Idaho  border.  They  have  been  re- 
ported from  widely  scattered  areas  in  Sevier, 
Juab  and  Duchesne  counties.  I'heir  greatest 
concentrations  are  in  Utah,  Salt  Lake,  Weber, 
and  Cache  counties  where  human  population 
is  also  most  dense. 

That  Xenopsylla  cheopis  and  Nosopsyllus 
fasciatus  are  efficient  vectors  of  plague  is  well 
known.  The  flea  Diamanus  rnontanus  is  usually 
considered  to  be  a  ground  squirrel  consors,  but 
it  has  also  been  taken  from  domestic  rats  in 
Utah  thus  creating  a  possible  bridge  between 
sylvatic  and  murine  reservoirs.  D.  rnontanus  is 
an  efficient  vector  of  plague  in  its  own  right. 
Other  fleas  associated  with  the  domestic  rats 
in  Utah,  and  which  are  plague  implicated  are, 
Monopsyllus  wagneri  wagneri  (Baker),  Epi- 
tedia  wennianni  (Rotli),  and  Megabothris  aban- 
tis  (Roth).  Mus  musculus,  the  house  mouse, 
another  murine  rodent,  is  also  associated  with 
Nosopsyllus  fasciatus  and  Epitedia  wennianni 
in  the  Utah  collections.  The  house  mouse,  Mus 
musculus,  unlike  the  Norway  rat  does  not  seem 
to  be  restricted  in  its  geographic  distribution, 
but  is  found  in  or  aroimd  most  places  of  human 
habitation.  It  is  generally  found  by  most  work- 
ers that  the  house  mouse  carries  very  few 
fleas.  This  has  been  our  experience  during  the 
period  this  research  project  has  been  operating. 
Many  specimens  of  the  house  mouse,  M.  mus- 
culus, were  collected  without  producing  a  single 
flea  of  any  species.  The  house  mouse  usually 
has  as  its  flea  consortes,  when  such  are  present, 
those  species  which  are  found  most  commonly 
on  other  species  of  hosts  in  the  immediate  en- 
virons. The  flea  Histrichopsylla  gigas  dippiei 
Rothschild,  itself  a  capable  vector  of  plague, 
has  been  found  associated  wdth  Mus  musculus 
in  a  few  of  our  collections. 

From  the  standpoint  of  vector  relationship 
D.  montanus,  M.  abantis,  N.  fasciatus,  X.  che- 
opis and  Histrichopsylla  gigas  dippiei  are  capa- 
ble vectors,  while  E.  wenmanni  and  M.  wagneri 
wagneri  are  potential  vectors  of  plague.  (See 
Tables  1,  2,  3  and  4  for  host  parasite  relation- 
ship as  well  as  patterns  of  distribution  for  each.) 
Fleas  and  Sylvatic  plague  in  Utah 

With  the  exception  of  X.  cheopis,  all  spe- 
cies of  fleas  listed  above  and  found  associated 
with  murine  hosts  in  Utah,  are  also  found  on 
sylvatic  hosts  which  have  been  implicated  with 
plague. 

Of  the  thirty-one'^  species  and  subspecies 
of  fleas  listed  by  Allred  (1952)  as  capable  and 


potential  vectors  of  plague  in  Utah,  twenty  spe- 
cies would  be  considered  as  capable  and  eleven 
as  potential  vectors  associated  with  sylvatic 
hosts.  The  names  of  the  species  of  fleas  known 
as  consortes  of  sylvatic  hosts  are  shown  below 
under  the  two  categories  of  potential  and  capa- 
ble vectors.  Xenopsylla  cheopis  is  the  only 
exception.  (See  Tables  1  and  5  for  the  vector 
host  relationships  as  well  as  distribution  by 
county). 

POTENTIAL  VECTORS 

1.  Catallagia  decipiens  Rothschild 

2.  Epitedia  wenmanni  (Rothchild) 

3.  Foxella  ignota  ssp. 

4.  Hoplopsyllus  af finis  (Baker) 

5.  Megarthroglossus  divisus  divisus  (Baker) 

6.  Monopsyllus  wagneri  wagneri  (Baker) 

7.  Neopsylla  inopina  Rothschild 

8.  Opiscrostis  tuberculatus  cynomuris  Jelli- 

son 

9.  Orchopeas  sexdentatus  agilis  (Rothschild) 

10.  Orchopeas  sexdentatus  nevadensis    (Jor- 

dan) 

11.  Thrassis  petiolatus  (Baker) 

CAPABLE  VECTORS 

1.  Atyphloceras  multidentatus  (C.  Fox) 

2.  Ctenocephalides  felis  felis  (Bouche) 

3.  Diamanus  montanus  (Baker) 

4.  Echidnophaga  gallinacea  (Westwood) 

5.  Hoplopsyllus  anomalus  (Baker) 

6.  Hystrichopsylla  gigas  dippiei  Rothchild 

7.  Malaraeus  telchinum   (Rothchild) 

8.  Megabothris  abantis  (Rothchild) 

9.  Monopsyllus    eumolpi    eumolpi     (Roths- 

child) 

10.  Nosopsyllus  fasciatus  (Rose) 

11.  Opisocrostis  hirsutus  (Baker) 

12     Opisocrostis  labis   (Jordan  and  Roths- 
child) 

13.  Opisocrostis  tuberculatus  tuberculatus 

(Baker) 

14.  Oropsylla  idahoensis  (Baker) 

15.  Pulex  irritans  Linnaeus 

16.  Thrassis  arizonensis  arizonensis  (Baker) 

17.  Thrassis  francisi  (C.  Fox) 

18.  Thrassis  howelli  howelli  (Jordan) 

19.  Thrassis  pandorae  Jellison 

20.  Xenopsylla  cheopis  (Rothschild) 

Capable  vectors 

With  reference  to  the  capable  vectors,  the 


8  Allred  (1952)  listed  Thrassis  acamantis  (Rothschild)  as  one  of  the 
Utah  fleas.  This  species  is  plague  implicated  but  does  not  occur  in 
Utah,  being  confused  with  both  Thrassis  slanfordi  and  T.  howelli 
utahensis  in  its  distribution. 
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Canis  familiaris 

Ccinis  latrans 

Citellus  armatus 

X 

X         X 

X 

X 

Citellus  lateralis  ssp. 

X 

X 

Citellus  richardsoni 

X 

Citellus  leucurus  ssp. 

X 

Citellus  townsendii  ssp. 

X 

Citellus  t.  mollis 

Citellus  variegatus  ssp. 

X 

X 

X 

X 

X 

X 

Citellus  V.  grammurus 

Citellus  beldingi 

Clethrionomys  sp. 

Clethrionomys  gap.  gale! 

X 

X 

Cynomys  gunnisoni  ssp. 

Cynomys  leucurus 

X 

X 

Cynomys  parvidens 

X 

Dipodomys  merriami  ssp. 

Dipodomys  ordii  ssp. 

X 

X 

X 

X 

Eutamias  minimus  ssp. 

X 

Eutamias  quadrivittatus  ssp. 

X 

X 

Eutamias  dorsalis 

Felis  domestica 

Glaucomys  sabrinus 

X 

Lepus  califomicus  ssp. 

X 

X 

Lynx  rufus  ssp. 

X 

Marmota  flaviventer  ssp. 

X 

Microtus  montanus  ssp. 

X 

X 

X 

Microtus  longicaudus  mordax 

X 

X 

Microtus  pennsylvanicus  ssp. 

X 

X 

Mus  musculus  ssp. 

X 

X 

Mustela  frenata  ssp. 

X 

X 

Mustela  sp. 

X 

Table  2.     Vector-host  relationship  for  vectors  of  plague  in  Utah  listed  as  potential  vectors. 
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Neotoma  lepida  ssp. 

X 

X 

X 

X 

X         X 

Neotoma  1.  lepida 

X 

Neotoma  cinerea  ssp. 

X 

X 

X 

Neotoma  c.  acraia 

X 

Ochotona  princeps  ssp. 

X 

Onychomys  leucogaster  ssp. 

X 

X 

Perognathus  parvus  ssp. 

Perognathus  sp. 

Peromyscus  maniculatus 

ssp. 

X 

X 

X 

X 

X 

X 

X 

Peromyscus  boylii  ssp. 

Peromyscus  crinitus  ssp. 

X 

X 

X 

Peromyscus  truei 

X 

X 

X 

Peromyscus  eremicus 

X 

X 

Phenacomys  intermedius 

ssp. 

X 

Rattus  norvegicus  ssp. 

X 

X 

Rattus  rattus  alexandrinus 

Rattus  rattus  rattus 

Reithrodontomys  megalotis  ssp. 

X 

X 

Sorex  sp. 

X 

Sorex  vagrans 

Spilogale  gracilis  ssp. 

X 

X 

Spilogale  g.  saxatalis 

Sylvilagus  auduboni  ssp. 

X 

X 

X 

Sylvilagus  a.  warreni 

X 

Sylvilagus  idahoensis 

Sylvilagus  nuttallii  ssp. 

X 

Sylvilagus  sp. 

X 

X 

Sciurus  aberti  ssp. 

X 

Tamiasciurus  hudsonicus 

ssp. 

X 

X 

Thomomys  bottae  ssp. 

X 

Thomomys  talpoides  ssp. 

X 

Vulpes  macrotis  ssp. 

Zapus  princeps 

X 

X 

Table  2.  (Continued)   Vector-host  relationship  for  vectors  of  plague  in  Utah  listed  as  potential  vectors. 
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X     X 

Summit 

X 

X 

X 

X 

X 

X 

Tooele 
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Table  3.    Distributional  pattern  by  counties  in  Utah  for  fleas  implicated  as  capable  vectors  of  plague. 
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Table  No.  4  —  Distributional  pattern  by  counties  in  Utah  for 
fleas  implicated  as  potential  vectors  of  plague. 
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C= capable  vector 
P= potential  vector 
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Table  5.    Distribution  by  County  of  potential  and  capable  plague  vectors  with  reference  to  hosts  which  have  been 
shown  to  be  plague  implicated. 
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Table  5  (Continued)    Distribution  by  County  of  potential  and  capable  plague  vectors  with   reference  to  hosts 
which  have  been  shovm  to  be  plague  implicated. 
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most  widely  distributed  species  in  Utah  are  D. 
montanus,  Hoplopsyllus  anomalus,  Malaraeus 
telchinum,  Oropsylla  idaboensis,  Thrassis  pan- 
dorae,  and  Monopsyllus  eurnolpi  eumolpi. 
There  are  undoubtedly  other  factors  involved, 
but  tliis  wide  distribution  is  in  part  due  to 
the  extensive  distribution  of  the  hosts  involved 
for  each  species  of  flea,  as  well  as  to  the  ability 
of  the  above-named  fleas  to  adapt  to  several 
hosts,  although  they  may  be  more  commonly 
associated  with  certain  species  or  genera  of 
hosts.  For  example,  the  flea  Diamanus  mon- 
tanus is  found  on  at  least  27  species  and  sub- 
species of  mammals  in  Utah  representing  12 
genera  other  than  Citellus.  However,  it  is  usual- 
ly listed  in  the  literature  as  a  squirrel  flea,  es- 
pecially for  the  squirrels  Citellus  armatus  and 
Citellus  variegatus.  This  condition  of  relative 
host  specificity  is  likewise  the  case  for  the  fleas 
Hoplopsyllus  anomalus,  Oropsylla  idahoensis 
and  Thrassis  pandorae,  although  their  host  ran- 
ges are  not  so  extensive  as  D.  montanus.  The 
usual  hosts  of  Malaraeus  telchinum  as  found  in 
Utah  are  various  species  of  native  mice,  al- 
though it  has  been  found  on  field  mice  and 
pack  rats.  M.  eumolpi  eumolpi  is  regarded  as 
a  chipmunk  flea.  Records  from  the  literature 
and  our  field  studies  show  it  to  be  associated 
with  eight  other  genera  and  11  species  of  ro- 
dents in  addition  to  3  species  of  chipmunks  in 
the  genus  Entamias.  This  would  constitute  a 
total  of  fourteen  species  and  subspecies  acting 
as  hosts  for  this  particular  flea  (Table  1). 

There  are  certain  capable  vectors  which 
are  fairly  abundant  (that  is,  the  numbers  found 
on  a  given  species  of  host  is  high)  and  common 
(that  is,  at  least  a  few  specimens  are  usually 
found  on  most  of  the  hosts  collected)  but  are  re- 
stricted geographically.  This  is  true  of  the  flea 
Echidnophaga  gallinacea.  This  flea  is  apparent- 
ly restricted  to  the  southern  portion  of  the  State 
in  Utah.  One  of  its  more  common  hosts  is  the 
squirrel  Citellus  variegatus  which  as  a  host  ani- 
mal has  a  very  extended  distribution  over  the 
State.  Another  host  to  this  flea,  having  wide 
geographic  distribution  within  the  State,,  is 
Citellus  leucurus  and  its  several  subspecies. 
Nevertheless,  for  some  unknown  reason  the 
flea  parasite  E.  gallinacea  does  not  follow  the 
same  distributional  pattern  as  its  host.  (Table 
1  and  Fig.  14). 

Opisocrastis  hirsutus,  whose  usual  hosts  are 
considered  to  be  the  several  species  of  prairie 
dogs  widely  distributed  in  Utah,  is  restricted 
in  the  sense  that  its  range  is  determined  some- 
what by  the  extent  of  prairie  dog  distribution. 


Several  species  other  than  the  3  species  of 
Cynomys  have  been  shown  to  be  hosts  for  this 
species  of  flea  in  Utah  (Table  1). 

The  list  of  fleas  shown  below  is  arranged 
in  order  of  relative  abundance  in  Utah  as  de- 
termined in  the  main  from  collections  made 
by  this  survey.  For  an  illustration  showing  the 
pattern  of  distribution  in  Utah  see  Fig.  14. 

1.  Diamanus  montanus 

2.  Hoplopsyllus  anomalus 

3.  Thrassis  pandorae 

4.  Oropsylla  idahoensis 

5.  Opisocrostis    hirsutus 

6.  Malaraeus  telchinum 

7.  Thrassis  howelli  howelli 

8.  Echidnophaga  gallinacae 

9.  Nosopsyllus  fasciatus 

10.  Monopsyllus  eumolpi  eumolpi 

1 1 .  Opisocrostis  labis 

12.  Megabothris  abantis 

13.  Atyphloceras  multidentatus 

14.  Opisocrostis  tuberculatus 

15.  Ctenocephalides  felis  felis 

16.  Pulex  irritans 

17.  Histrichopsylla  gigas  dippiei 

18.  Thrassis  francisi 

19.  Thrassis  arizonensis 

20.  Xenopsylla  cheopis 

Eskey  and  Haas  (1940,  op.  cit.,  p.  41)  ex- 
perimentally demonstrated  the  possibilities  of 
transmission  of  plague  by  several  species  of 
fleas.  The  effectiveness  of  transmission  varied. 
Comparing  his  list  of  species  with  the  plague- 
implicated  capable  vectors  found  in  Utah,  the 
following  list  of  Utah  fleas  are  arranged  below 
in  order  of  their  apparent  effectiveness  as  trans- 
mitters. The  pattern  of  distribution  is  shown  in 
Fig.  13. 

1.  Xenopsylla  cheopis 

2.  Nosopsyllus  fasciatus 

3.  Hoplopsyllus  anomalus 

4.  Diamanus  montanus 

5.  Thrassis  pandorae 

6.  Opisocrostis  tuberculatus 

7.  Opisocrostis  labis 

The  generalized  pattern  of  distribution  by 
county,  for  the  above-listed  fleas  in  Utah,  as 
well  as  all  other  capable  vectors,  is  shown  in 
Table  3. 

Potential  Vectors 

There  are  several  species  of  fleas  involved 
as  potential  vectors  for  plague  in  Utah.  One 
species,  Monopsyllus  wagneri  wagncri,  far  sur- 
passes all  others  in  its  geographic  distribution. 
It  is  a  native  mouse  flea  but  has  a  rather  general 
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Fig.  13.    Distributional  pattern  for  those  species  of  fleas  in  Utah  listed  as  the  most  effective  capa- 
ble vectors  for  plague. 


34 


Brigham  Young  University  Science  Bulletin 


IDAHO 


114 


113 


112 


III 


42 


41 


BOX  ELDER 


40- 


< 
O 

US 


UTAH 


TOOELE 


39 


38 


37 


41 


40 


39 


38 


3T 


O 
O 

5 

> 
O 
O 


Fig. 
plague. 


ARIZONA 

14.     Map  showing  the  general  distributional  pattern  for  fleas  listed  as  capable  vectors 
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host  habitat  adaptation.  It  is  found  on  thirty- 
four  species  and  subspecies  of  mammals  in 
Utah  including  the  four  species  of  Peromyscus, 
which  constitute  its  usual  host.  Another  widely 
distributed  potential  vector  is  Orchopeas  sex- 
dentatus  with  two  subspecies  agilis  and  nevaden- 
sis.  Whereas  M.  w  wagneri  has  rather  broad 
host  tolerance,  Orchopeas  sexdentatus  agilis  and 
nevadensis  seem  to  be  mainly  relegated  to  wood- 
rats  and  native  mice.  Epitedia  wenmanni  an- 
other mouse  flea,  listed  as  a  potential  vector  of 
plague,  has  a  fairly  wide  geographic  distribu- 
tion. It  is  unusual,  however,  to  find  more  than 
two  or  three  specimens  on  a  single  host.  Other 
than  Peromyscus  inaniculatus  the  primary  host, 
this  species  of  flea  has  been  taken  from  field 
mice  Microtus  rnontanus,  the  wood  rat  Neo- 
toma  lepida,  the  kangaroo  rat,  Dipodomys  ordii. 
Vector  distribution  pattern  for  the  potential 
vectors  is  showTi  in  Table  4.  This  table  shows 
only  the  geographic  location  by  counties  as 
space  does  not  permit  listing  by  smaller  geo- 
graphic or  political   subdivisions. 

SUMMARY  AND  CONCLUSIONS 

Through  the  courtesy  of  the  National  In- 
stitutes of  Health,  Grants  and  Fellowships  Di- 
vision, a  project  was  established  at  Brigham 
Young  University  to  study  the  distribution  and 
host  relationships  of  vectors  for  Rocky  Moun- 
tain spotted  fever  and  plague  in  the  state  of 
Utah.  This  summary  has  reference  only  to  the 
latter  as  the  two  divisions  of  the  project  are 
discussed  under  separate  sections.  Nevertheless 
it  was  felt  necessary  to  discuss  some  subjects 
common  to  both  in  the  first  division  of  this  re- 
port. This  includes  the  statement  of  pui'pose 
and  scope  of  the  project,  a  generalized  descript- 
tion  of  the  physiographic  features  of  the  state  of 
Utah  as  it  affected  the  problems  at  hand,  and 
techniques  involved  in  obtaining  data.  With 
strict  reference  to  the  problem  of  vector  and 
host  relationship  the  following  conclusions  may 
be  drawn  regarding  plague-vector  distribution. 

1.  Plague  as  a  disease  in  Utah  does  exist. 
It  has  been  known  to  be  present  since  1936 
and  since  that  time  the  disease  has  been 
identified  in  thirteen  of  the  twenty-nine 
counties  of  the  state. 

2.  Of  the  sixty-eight  species  and  subspecies 
of  plague-implicated  mammals  in  the  west- 
em   United   States,   forty-one  species  and 

subspecies  are  represented  in  Utah.  There 
is  not  a  single  county  wdthout  one  or  more 
plague-implicated  mammal  species  being 
present  and  widely  distributed,  and  from 


which  plague-implicated  vectors  have  been 
taken. 

3.  As  a  result  of  these  studies  it  has  been 
found  that  there  are  thirty-one  species  and 
subspecies  of  fleas  occuring  in  Utah  as 
plague-implicated  vectors.  They  are  classi- 
fied as  being  capable  (natural)  and  po- 
tential (experimental)  vectors.  Twenty 
species  are  listed  as  capable  and  eleven  as 
potential   vectors. 

4.  Both  capable  and  potential  vectors  have 
wide  geographic  distribution  and  variable 
host  adaptations.  For  example,  Diamanus 
rnontanus,  a  very  efficient  vector  for  plague, 
occurs  on  twenty  genera  other  than  the  ge- 
nus Citellus  in  Utah.  It  is  commonly  listed 
as  a  squirrel  flea,  but  it  is  found  on  at  least 
eighteen  species  of  mammals  other  than 
members  of  the  squirrel  genus  as  far  as 
Utah  is  concerned. 

5.  Every  Utah  county  has  one  or  more 
capable  plague-implicated  vectors  present. 
Efficient  plague-implicated  vectors  of  seve- 
ral species,  and  plague-implicated  hosts,  are 
found  to  be  densely  distributed  where  hu- 
man populations  are  most  highly  concen- 
trated in  the  state. 
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PART  II 

ROCKY   MOUNTAIN   SPOTTED   FEVER 
VECTOR   INVESTIGATIONS 

INTRODUCTION 

It  is  known  that  several  species  of  ticks  are 
identified  as  either  capable  or  potential  vectors 
of  Rocky  Mountain  spotted  fever.  In  the  west- 
ern United  States  in  general  and  Utah  in 
particular,  Dermacentor  andersoni  Stiles  is  the 
principal  vector  transmitting  the  disease  to  man. 

From  an  historical  point  of  view  the  disease 
at  fii'st  was  supposed  to  have  been  confined  to 
the  Rocky  Mountain  area  and  especially  so  for 
the  Bitterroot  Valley  of  Montana.  At  the  pres- 
ent time,  however,  the  disease  has  been  found 
widely  distributed  throughout  the  United  States 
and  parts  of  Canada.  It  became  recognized  as 
a  medically  important  disease  as  early  as  1873 
in  Montana,  although  not  a  great  deal  was 
knqwn  about  it  at  the  time.  According  to  Fricks 
(1915)  the  United  States  Public  Health  Service 
began  investigating  the  disease  in  1902  when  J. 
O.  Cobb  was  ordered  to  Bitterroot  Valley,  Mon- 
tana to  instigate  studies  on  the  disease  The  fol- 
lowing year,  1903,  J.  F.  Anderson  was  appoint- 
ed; in  1904  C.  W.  Stiles  took  over,  followed  by 
Francis,  King,  McClintric  and  Rucker,  et  al. 
From  a  report  by  Robinson  (1908),  Wood  of 
the  U.  S.  Army  submitted  to  the  Surgeon-Gen- 
eral, descriptions  of  the  disease  from  eight 
Idaho  physicians,  and  he  was  the  first  to  refer 
to  it  as  "spotted  fever."  The  physicians  are 
listed  as  Bowers,  Collister,  Dubois,  Fairchild, 
Figgins,  Springer,  Sweet,  and  Zipf. 

In  August,  1906,  Dr.  Howard  T.  Ricketts 
published  his  preliminary  results  demonstrat- 
ing the  relationship  between  the  disease  and  the 
vector  Dermacentor  andersoni.  His  carefully 
done,  yet  simple  experiments  stand  out  as  one 
of  the  major  achievements  in  the  study  of  tick- 
borne  diseases.  He  had  reported  earlier  that 
same  year  (July  7  -  Journal  of  American  Medi- 
cal Association,  Vol.  47,  No.  1,  pp.  33-36)  his 
studies  on  the  disease,  as  a  result  of  his  in- 
vestigations by  means  of  animal  inoculations. 
It  is  of  interest  to  note  in  his  title  for  the  earlier 
paper  the  reference  to  "tick  transmission,"  al- 
though he  had  not  completed  his  investigations 
to  that  end.  The  title  was:  "The  Study  of 
'Rocky  Mountain  spotted  fever'  (Tick  Fever?) 
by  means  of  animal  inoculations.  A  preliminary 


communication   -  H.   T.    Ricketts,   M.D.,   Chi- 
cago." 

Since  the  time  of  the  first  investigations 
and  initial  discoveries,  this  disease  and  its  very 
closely  related  types  (of  which  there  are  seve- 
ral) have  become  somewhat  cosmopolitan  in 
their  significance. 

From  the  very  beginning  of  the  occupation 
of  the  Rocky  Mountain  region  by  white  man, 
there  have  been  records  of  his  being  affected 
by  tick-borne  diseases.  Utah  has  long  con- 
tributed far  too  many  records  showing  incidence 
of  Rocky  Mountain  spotted  fever.  Not  very 
much,  however,  has  been  known,  concerning 
the  kinds  of  vectors  involved,  their  geographical 
or  seasonal  distribution,  as  well  as  host  re- 
lationships for  the  State  of  Utah.  These,  how- 
ever, have  been  the  primary  objectives  involved 
in  the  tick  vector  surveys  carried  out  by  the 
writer  and  his  associates  and  which  comprise 
the  main  body  of  this  part  of  the  report. 

Probably  the  first  reference  to  the  disease 
"spotted  fever"  in  Utah  is  that  by  Stiles  (1905). 
On  page  28  of  his  report,  the  statement  reads 
as  follows: 

"Sweet  (1896)  states  that  the  disease  does 
not  to  his  knowledge  occur  in  Utah,  but 
Smith  (1905)  reports  a  possible  case." 

On  page  116  of  this  report  by  Stiles  is  the 

account    mentioned    by    Smith    in    the    quote 

above.    The  title  of  Smith's  report  which  was 

included  in  the  paper  by  Stiles  is  shown  below: 

"As   possible   case   of   "Spotted   Fever"   in 

Utah  by  R.  J.  Smith,  M.D.  (Personal  letter, 

dated  May  22,   1904,  to  Dr.  Thomas  D. 

Tuttle,  secretary,  Montana  State  Board  of 

Health)." 

It  is  important  to  mention  that  the  patient 
to  which  Dr.  Smith  made  reference  in  his  let- 
ter was,  "A  patient,  female,  age  24,  was  visiting 
in  Idaho,  where  within  2  miles  of  the  place  she 
was  visiting  there  were  2  cases  of  'spotted  fever,' 
.  .  .  ".  Even  though  this  was  a  case  of  spotted 
fever  occurring  in  Utah,  it  is  not  positive  that 
the  disease  was  picked  up  witliin  the  confines 
of  the  state. 

Robinson'  (1908)  refers  to  the  disease  with 
respect  to  its  occurrence  in  Utah  as  follows: 
"Geographical    Distribution. — The   disease 
has   been  reported   from   Montana,   Idaho, 
Wyoming,     Nevada,     Oregon,     Washington, 
Utah,   and   Colorado.     I   am   informed   by 
Noyes    of   American    Fork  of   three    cases 
occurring    in    Cedar    Valley,    Utah.     One 


1  This  excerpt  is  from  an  article  which  was  the  prize  essay  identi- 
fied as  the  Francis  W.  Shain  Prize,  Jefferson  Medical  College, 
1908  The  essay  was  made  a  part  of  the  "Medical  Record,"  a 
weekly  Journal  of  Medicine  and  Surgery  in  New  York. 
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patient  was  a  sheepherder  and  resided  at 
Fairfield,  while  the  other  two,  a  farmer  and 
his  daughter,  lived  at  Cedarfort.  Wherritt 
had  several  cases  at  Heber  City  (Utah). 
Laymen  tell  me  of  having  contacted 
"Mountain  fever"  while  hauling  wood 
from  a  district  designated  as  "Tickville," 
which  is  about  fifteen  miles  north  of  the 
villages  Fairfield  and  Cedarfort.  From  the 
abundance  of  ticks  in  this  locality  the  dist- 
rict gets  its  name." 

The  Rocky  Mountain  Laboratory  at  Hamil- 
ton, Montana,  has  been  the  main  scientific 
agency  which  has  checked  "spotted  fever"  in- 
cidence as  well  as  vector  distribution  since 
studies  were  first  initiated.  The  records  for 
Utah  have  been  made  available  for  this  report 
through  the  courtesy  of  the  personnel  of  the 
Rocky  Mountain  Laboratory,  especially  Dr. 
William  L.  Jellison  and  Mr.  Glen  M.  Kohls 
(Tables  1,  2,  3,  and  4).  In  Table  1  note  that 
under  the  county  coliunn  there  is  listed,  "un- 
known," date  "1849."  Below  is  a  copy  of  a 
letter  which,  with  special  reference  to  date, 
offers  some  explanation. 

"DISTRICT   DIRECTOR 
U.  S.   PUBLIC   HEALTH   SERVICE 

District  No.  8 

617  Colorado  Bldg. 

Denver,  Colorado 

Sept.  27,  1941 
Dr.  R.  R.  Parker 
Rocky  Mountain  Laboratory 
Hamilton,  Montana 
Dear  Doctor  Parker: 

I  recall  that  you  are  interested  in  reports 
of  Rocky  Mountain  spotted  fever  of  an  early 
historical  date. 

Perhaps  you  already  know  about  this,  but 
in  Salt  Lake  City  recently  I  was  shown  a  regis- 
ter of  deaths  kept  by  the  Mormon  Church  near- 
ly a  hundred  years  ago.  In  the  year  1849  there 
are  several  deaths  reported  from  "mountain 
fever,"  at  least  three  on  one  page  of  the  register. 

It  is  an  interesting  record,  and  if  you  have 
not  seen  it,  it  is  worth  a  glance  some  time.    It 
is  kept  at  Salt  Lake  City  Health  Department, 
Bureau  of  vital  Statistics.    I  am  sure  that  Doc- 
tor Thomas  J.  Howells,  the  Health  Commission- 
er, will  be  glad  to  show  it  to  you. 
Respectfully, 
L.  B.  Byington,  Surgeon 
In  Temporary  Charge,  Dist.  No.  8." 


Also  of  historical  interest  is  a  news  refer- 
ence supplied  by  Jellison  and  Kohls  in  corres- 
pondence with  me  on  May  12,  1954: 

Copied  from  Oregon  City,  Ore.,  Enterprise 
June  20,  1941 

"BRIGHAM   YOUNG'S   ILLNESS 
DIAGNOSED   AFTER   94   YEARS 

SALT  LAKE  CITY— Ninety-four  years  af- 
ter he  came  down  with  the  illness,  physi- 
cians finally  have  diagnosed  the  mysterious 
fever  that  afflicted  Brigham  Young  at  the 
arrival  of  the  Mormon  pioneers  in  the  Salt 
Lake  Valley  in  1847. 

Dr.  William  M.  McKay,  acting  Utah 
health  commissioner,  disclosed  that  inten- 
sive research  and  much  careful  examina- 
tion of  the  daily  journals  kept  by  some  of 
Young's  companions  indicated  the  Mor- 
mon leader  suffered  from  Rocky  Mountain 
spotted  fever. 

The  disease  was  unknown  at  that  time, 
and  it  was  only  Young's  strong  constitution 
that  enabled  him  to  survive  the  ailment. 
Dr.  McKay  believes." 

In  the  Kansas  State  Board  of  Health  Bul- 
letin No.  6,  page  103,  Rucker  (1912)  has  the 
following  to  say  with  regard  to  Rocky  Mountain 
spotted  fever: 

"Two  types  of  Rocky  Mountain  spotted 
fever  are  known — the  mild,  which  occurs 
in  Utah,  Wyoming,  Idaho,  Nevada,  eastern 
California,  Oregon,  and  Washington,  and 
the  severe  form  which  is  found  in  Mon- 
tana." 

Fricks  (1915)  reported  in  the  Public 
Health  Reports: 

"The  State  Health  Officer  of  Utah  re- 
ports that  it  is  impossible  to  furnish  any 
accurate  data  concerning  the  prevalence  of 
Rocky  Mountain  spotted  fever  in  Utah,  but 
that  several  deaths  were  attributed  to  this 
cause  during  1914  and  there  is  reason  to 
believe  that  the  disease  occurs  in  Box  Elder 
County." 

"Rocky  Mountain  spotted  fever  certain- 
ly occurs  in  Utah,  but  to  what  extent  is  not 
known  and  will  not  be  until  the  disease  is 
made  reportable." 

One  of  the  first  references  to  vectors  of  the 
disease  in  Utah  is  that  of  Banks  (1908),  where- 
in he  refers  to  D.  venustus  Banks  (now  con- 
sidered as  a  s)Tionym  for  D.  andersoni).  He 
lists  this  species  from  Bridger  Basin,  Utah.  As 
closely  as  can  be  discovered  from  the  records, 
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1918     1919     1920     1921     1923 

1(1) 
1  1  1 

3  3 


2(1) 
1 


County 

1915 

1916 

1 

Beaver 

1917 

Box  Elder 

1915 

8(2) 

9 

6 

Cache 

1915 

8 

4 

1 

Carbon 

1915 

1 

Daggett 

1936 

Davis 

1915 

3 

2 

Duchesne 

1915 

11 

3 

F.Tnery 

1916 

2 

Juab 

1916 

3 

Kane 

1937 

Millard 

1915 

1 

1 

Morgan 

1934 

Piute 

1930 

Rich 

1917 

1 

Salt  Lake 

1915 

1 

1 

San  Juan 

1919 

Sanpete 

1916 

2 

Sevier 

1939 

Summit 

1915 

1 

2 

1 

Tooele 

1916 

1 

Uintah 

1916 

5 

Utah 

1908 

1 

2 

1 

Wasatch 

1908 

1 

Washington 

1939 

Wayne 

1929 

Weber 

1917 

1 

Unknown 

1849? 

(2) 

State  Total 

34(4) 

34 

16 

1(1) 

1 


2 
1  1 

1  2 


2(1) 


1  15(1) 

5         10(2)   10(2)     8         15(1) 

Table  1.     Rocky  Mountain  spotted  fever  cases  in  Utah.  (Figures  in  parentheses 
indicate  fatal  cases). 
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County  1924     1925     1926     1927     1928     1929     1930     1931      1932 

Beaver 

Box  Elder  1  1 

Cache  2  1 

Carbon 

Daggett 

Davis  1 

Duchesne  1  3  3(1) 

Emery 

Juab  1  2  3(1) 

Kane 

Millard  1 

Morgan 

Piute  1 

Rich  2 

Salt  Lake  3  1 

San  Juan 

Sanpete 

Sevier 

Summit 

Tooele 

Uintah 

Utah 

Wasatch 

Washington 

Wayne  2 

Weber  1 

Unknown  10(3)     6(1)     4(1)     8 

State  Total  10(3)     6(1)     4(1)     8  10         15         8(2)      7(1)20(4) 

Table  2.     Rocky  Mountain  spotted  fever  cases  in  Utah  from  1924  to  1932.    (iFg- 
ures  in  parentheses  indicate  fatal  cases). 


1 

1(1) 

2 

1 

2(1) 

3 

1 

1 

2 

2(1) 

2 

5(1) 

1 

1 

1 

2(1) 

1 

1 
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County        1933     1934     1935     1936     1937     1938     1939     1940     1941      1942 


Beaver 

1 

1(1) 

Box  Elder 

1 

1 

Cache 

1 

Carbon 

1 

2 

1 

Daggett 

1(1) 

2 

1 

Davis 

1 

1 

Duchesne 

1 

3(2) 

1 

Emery 

1(1) 

1 

Juab 

1 

2 

1 

Kane 

1(1) 

Millard            1 

1(1) 

Morgan 

1 

Piute 

Rich 

1 

2 

1 

2 

Salt  Lake 

1 

1(1) 

San  Juan 

Sanpete 

1 

1 

1 

Sevier 

1(1) 

Summit 

2 

1 

o 

1 

Tooele 

1 

1 

Uintah 

1 

1 

1 

3(1) 

1 

5 

3(2) 

1 

Utah            2(2) 

1 

2(1) 

5 

1 

1 

1 

Wasatch 

1 

1(1) 

1 

1 

Washington 

Wayne 

Weber         1 

Unknown 

1(1) 

2 

State  Total  4(2) 

8 

5(2) 

8(3) 

11(3) 

18(2) 

16 

9(1) 

9(4) 

4 

Table  3.     Rocky  Mountain  spotted  fever  cases  in  Utah  from  1933  to  1942.    (Fig- 
ures in  parentheses  indicate  fatal  cases). 
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County 

Total  Cases 

Total  Deaths 

Fatality  Rate 
/o 

Beaver 

4 

2 

50.00 

Box  Elder 

30 

2 

6.66 

Cache 

23 

0 

— 

Carbon 

5 

0 

— 

Daggett 

4 

1 

25.00 

Davis 

12 

1 

8.33 

Duchesne 

27 

3 

11.11 

Emery 

4 

1 

25.00 

Juab 

14 

1 

7.15 

Kane 

1 

1 

100.00 

Millard 

5 

1 

20.00 

Morgan 

1 

0 

— 

Piute 

1 

0 

— 

Rich 

9 

0 

— 

Salt  Lake 

10 

2 

20.00 

San  Juan 

3 

1 

33.33 

Sanpete 

7 

0 

— 

Sevier 

2 

1 

50.00 

Summit 

20 

1 

5.00 

Tooele 

7 

0 

— 

Uintah 

36 

5 

13.88 

Utah 

23 

4 

17.39 

Wasatch 

11 

2 

18.18 

Washington 

1 

0 

— 

Wayne 

2 

0 

— 

Weber 

3 

0 

— 

Unknown 

48 

9 

18.75 

State  Total 

313 

38 

12.14% 

Table  4.     Rocky  Mountain  spotted  fever  cases  in  Utaii.  Case  Totals  and  Fatality 
rates,  State  and  Counties,  1915  to  1942. 
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his  geographic  location  for  the  collection  was  in 
the  northwestern  comer  of  Daggett  County,  or 
in  the  south-central  portion  of  Rich  County  in 
Utah. 

Bishopp  (1911)  listed  twelve  localities  for 
the  Rocky  Mountain  wood  tick  in  Utah.  His 
accompanying  map,  however,  shows  a  distri- 
butional pattern  for  the  tick  indicating  that  he 
must  have  confused  or  included  the  common 
rabbit  tick  D.  parumapertus  Neumann  with 
D.  andersoni. 

Robinson  (1908  loc.  cit.  p.  916)  cited  Noyes 
of  American  Fork  as  giving  information  con- 
cerning three  cases  of  Rocky  Mountain  spotted 
fever  in  persons  living  at  Fairfield  and  Cedar 
Fort.  These  towns  are  only  a  few  miles  west 
of  the  writer's  home  at  Provo,  Utah  County, 
Utah.  The  towns  of  Cedar  Fort  (spelled  "Ce- 
darfort"  by  Robinson)  and  Fairfield  are  about 
five  miles  apart.  They  lie  at  an  elevation  of 
about  4,800  to  5,000  feet  above  sea  level.  To  the 
west  are  the  foothills  of  the  Oquirrh  Mountains, 
rising  to  an  elevation  of  10,403  feet  at  nearby 
Lewiston  Peak.  It  will  be  recalled  that  Wher- 
ritt  as  reported  by  Robinson  (1908),  laymen 
told  him  of  contacting  mountain  fever  in  a 
district  known  as  "Tickville"  about  15  miles 
north  of  'Fairfield'  and  'Cedarfort'  and  that  this 
place  was  named  "Tickville"  owing  to  the  num- 
ber of  ticks  found  there.  To  one  acquainted 
with  the  topography  of  Utah,  a  point  fifteen 
miles  north  of  Cedar  Fort  would  be  located  in 
a  mountainous  area  and  at  elevations  where 
D.  andersoni  has  been  commonly  foimd.  As 
recently  as  April  17,1 954,  the  writer  had  first- 
hand reports  and  received  collections  in  un- 
usual abundance  of  D.  andersoni  from  moun- 
tain areas  west,  north  and  south  of  Cedar  Fort. 
These  reports  and  collections  came  from  ele- 
vations of  5,500  to  7,000  feet  above  sea  level. 

A  survey  was  conducted  on  May  29,  1954, 
at  the  head  of  Barlow  Canyon  in  the  Boulter 
Mountain  area  of  central  Utah.  The  general 
location  for  this  survey  is  about  eight  miles 
north  of  Eureka  in  Juab  County  and  about  20 
miles  south  and  slightly  west  of  Cedar  Fort  in 
the  Cedar  Valley  area.  At  elevations  ranging 
from  6,100  feet  to  6,900  feet  ticks  were  found 
in  sufficient  numbers  to  be  listed  as  common. 
At  the  uppermost  elevation  surveyed  (7,000 
feet  above  sea  level),  a  place  named,  "Hot  Stuff 
Mine,"  the  ticks  were  most  abundant.  They 
were  taken  by  flagging  grass  and  brush  situ- 
ations. The  ticks  seemed  to  be  more  densely 
distributed  along  stock  trails  and  in  the  open 
grass  locations. 


Cooley  (1938  and  1946),  Cooley  and  Kohls 
(1944)  and  Jellison  (1945)  published  several 
comprehensive  articles  on  ticks,  in  which  the 
Rocky  Mountain  spotted  fever  tick  vectors  in 
Utah  and  other  states  are  listed.  Bishopp  and 
Trembly  (1945)  listed  distributional  records  for 
Utah,  from  the  Bureau  of  Entomology.  Ed- 
munds (1951)  has  published  the  only  principal 
list  to  date  which  is  restricted  to  ticks  in  Utah. 
Coffey  (1953)  has  recently  made  some  prelimi- 
nary studies  on  distribution,  seasonal  occur- 
rence, and  host  relationships  of  D.  parum- 
apertus, D.  andersoni,  as  well  as  other  impli- 
cated vectors  of  Rocky  Mountain  spotted  fever 
in  Utah.  He  has  also  been  an  associate  colla- 
borator on  some  phases  of  this  project  and  some 
of  his  observations  are  included  in  this  report. 
Part  of  his  studies,  however,  have  been  pub- 
lished (1954)  and  will  be  referred  to  according- 
ly. There  are  several  other  reports  which  have 
had  reference  to  Utah  ticks.  They  will,  how- 
ever, be  cited  at  the  appropriate  place  in  the 
main  body  of  the  report. 

Etiological  aspects  of  the  disease: 

Rocky  Mountain  spotted  fever  is  caused 
by  Rickettsia  rickettsi  (Wolbach),  (Also  listed 
in  the  literature  under  the  synonym  Dermacen- 
troxenus  rickettsi.  It  is  one  of  the  rickettsial 
organisms  of  which  there  are  several  species. 
It  would  be  well  to  mention  here  that  there  are 
several  kinds  of  rickettsial  organisms,  tick  trans- 
mitted, which  are  immunologically  identical 
(or  very  closely  so)  to  Rocky  Mountain  spotted 
fever  but  are  located  at  widely  separated  places 
on  the  earth.  Nevertheless,  the  organism  in  the 
western  United  States,  including  Utah,  is  the 
one  listed  above  and  is  considered  to  be  endemic 
to  the  western  states.  Its  pathological  effect  is 
mainly  directed  to  the  endothelial  lining  of  the 
blood  vessels.  The  rickettsia  are  intracellular 
as  well  as  intranuclear  in  their  invasion,  and 
produce  an  exanthematic  condition  in  the  en- 
dothelia  of  blood  vessels. 

Case  fatality  varies  with  different  localities, 
being  characteristically  high  in  the  Bitterroot 
Valley  of  Montana.  Generally  speaking,  the 
case  fatality  rate  has  been  figured  from  4%  to 
90%,  depending  on  the  geographic  locality 
where  the  disease  was  contracted. 

DISTRIBUTION   OF   THE   DISEASE 
AND   CASE   FATALITY 

In  the  United  States: 

Rocky  Mountain  spotted  fever  has  been  re- 
ported from  every  State  of  the  Union.    The  in- 
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cidence,  however,  is  higher  in  the  western  part 
of  the  United  States.  Hampton  and  Eubank 
(1938)  over  a  five  year  period  of  observation 
(from  1933-37)  reported  2,190  cases  in  the 
U.  S.;  1,435  or  65.5%  occurred  in  the  Mountain 
and  Pacific  States  and  601  or  27.1%  occurred 
in  the  South  Atlantic  States.  With  respect  to 
virulence  there  is  parallel  comparison.  Topping 
(1941)  reported  the  case  fatality  as  being 
28.1%  in  the  Western  States  and  18.4%  for  the 
Eastern  States.  In  the  west  it  seems  to  have 
its  most  virulent  type  located  in  the  Bitterroot 
Valley  of  Montana. 

In  Utah: 

Through  the  courtesy  of  Mr.  John  Wright 
of  the  Utah  State  Health  Department,  statistics 
on  the  incidence  of  the  disease  in  Utah  were 
made  available  to  this  survey.  Coffey  (1953) 
analyzed  these  statistics  and  I  quote  from  his 
report: 

"Records  on  spotted  fever  in  Utah  are 
available  at  the  State  Department  of 
Health  as  far  back  as  1934.  According  to 
these  State  health  records,  spotted  fever  oc- 
curs in  every  county  in  Utah  except  Piute. 
(Rocky  Mountain  laboratory  records  show 
a  single  non-fatal  case  for  1930  in  Piute 
County.  See  Table  2).  It  is  least  abund- 
ant in  the  Great  Basin  and  desert  areas  of 
the  Colorado  Plateau.  It  is  important  to  re- 
member, however,  that  cases  reported  from 
a  county  may  not  in  all  cases  have  been 
contracted  there.  A  study  of  the  case  hist- 
tories  would  no  doubt  prove  valuable  as 
well  as  interesting.  According  to  the  data 
the  higher  incidence  is  found  in  Salt  Lake, 
Utah,  Uintah,  and  Duchesne  counties.  The 
former  two  counties  have  high  population 
centers  in  close  proximity  to  foothills  and 
mountain  areas.  In  the  latter  two  counties 
population  centers  also  border  extensive 
foothills  and  mountain  areas.  In  addition, 
many  people  enter  the  brush  and  forest 
parts  of  these  counties  for  reasons  of  va- 
cation and  recreation." 

"Rocky  Mountain  spotted  fever  in  hu- 
mans has  not  been  reported  until  April  in 
Utah.  The  disease  usually  reaches  the  peak 
of  its  incidence  in  June,  declining  there- 
after, and  does  not  cease  in  some  years  un- 
til the  last  of  November.  The  earliest  case 
of  spotted  fever  recorded  in  Utah  is  on 
April  1,  1938,  and  the  latest  on  November 
25  of  the  same  year.  The  June  peak  and 
the  autumn  cases  show  a  later  incidence  for 
Utah  than  has  been  reported  by  others  for 


the  more  northern  states  such  as  Montana 
and  Idaho  (Cooley,  1932).  One  might 
logically  assume  that  the  October  and  No- 
vember cases  are  probably  from  hunters 
and  others  whose  occupation  takes  them 
into  the  mountain  areas  at  these  times.  It 
is  generally  thought  that  the  tick,  D.  ander- 
soni,  becomes  active  early  in  the  spring  at 
low  elevations,  but  that  its  seasonal  appear- 
ance is  progressively  later  at  higher  eleva- 
tions." 

"An  analysis  of  the  case  fatality  statis- 
tics of  spotted  fever  in  Utah,  derived  from 
the  records  supplied  by  the  Utah  State 
Health  Department,  presents  some  interes- 
ting facts.  For  the  nineteen  year  period, 
1934  to  1952,  the  case  fatality  has  averaged 
17.4%.  By  breaking  the  nineteen  year 
period  into  two  periods  of  six  years  and  one 
of  seven  years,  it  was  found  that  the  high- 
est fatality  mark  was  during  the  war  years, 
being  27.77%  in  the  period  of  1940  to  1945 
as  compared  with  15.2%  in  the  period 
1934  to  1939,  and  9.5%  in  the  period  1945 
to  1952." 

For  a  year-by-year  breakdown  on  inci- 
dence and  fatality  records  from  1915  to  and  in- 
cluding 1942,  refer  to  Tables  1,  2,  and  3.  The 
total  number  of  cases  and  the  case  fatality  re- 
ported to  the  Rocky  Moimtain  Laboratory  from 
1915  to  1942  is  shown  in  Table  4.  The  average 
fatality  rate  over  this  period  was  12.14%  which 
is  slightly  above  the  post- World  War  II  period 
and  under  the  15.2  percentage  from  1934  to 
1939,  but  markedly  under  the  World  War  II 
percentage  of  27.77%. 

HOST  RELATIONSHIP  AND  THE  DISEASE 

Jellison  (1945)  has  the  following  to  say 
regarding  the  host  reservoirs  of  the  disease 
agent: 

"It  has  long  been  suspected  that  Rocky 
Mountain  spotted  fever  may  have  its  reser- 
voir in  some  mammal  or  mammals  that 
are  natural  hosts  of  its  tick  vectors,  i.  e., 
Dermacentor  andersoni  in  the  western 
United  States,  Dermacentor  variabilis 
(Say)  in  the  eastern  United  States,  and 
Amblyomma  americanum  (L)  in  some  of 
the  South  Central  and  Southeastern  states. 
Positive  statements  regarding  such  a  reser- 
voir and  names  of  specific  animals  have 
been  published,  but  convincing  evidence 
has  not  been  presented. 

In  the  same  paper  from  which  the  above 
quotation  was  taken,  Jellison  shows  the  close 
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geographical  association  between  Rocky 
Mountain  spotted  fever  and  the  distribution  of 
Nuttall's  Cottontail  in  the  western  United 
States.   Nevertheless,  he  goes  on  to  say; 

"Spotted  fever  infection  has  never  been 
recovered  from  this  host  or  any  other  mam- 
mal in  nature  in  the  highly  endemic  area 
in  the  western  United  States." 

Philip  and  Hughes  (1953)  in  a  report  to 
the  International  Congress  of  Microbiology  re- 
port as  follows: 

"The  so-called  rabbit  dermacentor,  D. 
parumapertus,  is  a  frequent  parasite  on 
rabbits  and  hares  in  the  southwestern 
United  States,  particularly  on  the  black- 
tailed  jack  "rabbit"  (hare)  in  the  arid  and 
subarid  areas.  The  distributional  records 
of  this  hare  and  tick  show  a  remarkable 
coincidence." 

"During  population  studies  of  these 
hosts,  opportunity  has  been  afforded  to  re- 
cord for  the  first  time,  natural  infection  in 
these  ticks  with  three  agents  of  human 
disease:  namely,  Bacterium  tularense  of 
tularemia,  a  Rocky  Mountain  spotted  fever- 
like Rickettsia,  and  the  virus  of  Colorado 
tick  fever.  The  strains  of  the  first  were 
virulent  for  laboratory  rabbits,  and  for 
hares  imported  from  Kansas.  The  strains 
of  Rickettsia  were  less  virulent  for  guinea 
pigs  than  a  laboratory  passage  strain  of  R. 
rickettsi  of  human  origin  and  showed  cer- 
tain immunological  differences." 

"D.  parumapertus,  however,  has  been 
shown  to  be  as  capable  of  experimental 
transmission  of  virulent  spotted  fever 
strains  as  D.  andersoni,  the  customary  vec- 
tor to  man  in  the  Rocky  Mountain  area." 
"Even  though  D.  parumapertus  feeds  al- 
most exclusively  in  most  areas  of  its  range 
on  rabbits  and  hares,  the  above  information 
is  suggestive  that  this  species  of  tick  can 
act  in  natural  maintenance  of  the  above 
agents  and  indirectly  in  infection  of  man  in 
appropriate  localities." 

From  the  studies  made  to  date,  it  can  only 
be  concluded  on  circumstantial  evidence  that 
there  are  many  natural  reservoir  hosts  for  the 
disease  organism. 

VECTOR  AND  DISEASE  RELATIONSHIP 
IN   NORTH   AMERICA 

Kohls  (1946)  reporting  at  a  symposium  on  ric- 
kettsial diseases  of  man,  has  the  following  to 
say  regarding  the  vectors  of  the  disease: 

"In  the  United  States,  Rocky  Mountain 


spotted  fever  has  been  reported  from  all 
states  except  Maine,  Vermont,  Connecti- 
cut, Rhode  Island,  and  Michigan.  In  Can- 
ada, it  is  present  in  the  provinces  of  Rritish 
Columbia,  Alberta,  and  Saskatchewan. 
Within  this  endemic  region,  four  species 
of  ticks  are  known  to  be  natural  carriers 
(capable  vectors),  viz.,  the  Rocky  Moun- 
tain wood  tick,  Dermacentor  andersoni;  the 
American  dog  tick,  Dermacentor  variabilis; 
the  lone-star  tick,  Amblyomma  ameri- 
canum;  and  the  rabbit  tick,  Haemaphysalis 
leporis-palustris  (Parker,  1938;  Philip,  19- 
42).  D.  andersoni  is  the  well-known  vector 
in  the  Rocky  Mountain  region  and  adjacent 
area.  D.  variabilis  is  the  vector  in  the 
Great  Plains  region  and  eastward  to  the 
Atlantic  seacoast.  It  is  also  found  in  Cali- 
fornia and  occasionally  in  Oregon;  it  occurs 
in  the  southern  provinces  of  Canada  from 
Saskatchewan  eastward,  and  it  is  found  in 
Mexico.  A.  americanum,  the  most  recent 
addition  to  the  list  of  proved  carriers  (Par- 
ker, Kohls,  and  Steinhaus  1943),  occurs 
in  the  southcentral  and  southeastern  states, 
and  as  far  south  as  Panama.  Reports  of  its 
occurrence  in  South  America  have  not  been 
verified.  H.  leporis-palustris  occurs 
throughout  the  United  States,  southward 
into  South  America,  and  northward  into 
Canada  and  Alaska." 

"In  the  category  of  potential  carriers 
(vectors)  in  the  United  States  are  5  species 
which  are  efficient  experimental  vectors, 
any  one  or  more  of  which  may  be  function- 
ing as  natural  vectors  at  the  present  time. 
These  are  the  Cayenne  tick,  Amblyomma 
cajennense;  the  Pacific  Coast  tick,  Der- 
macentor occidentalis;  the  rabbit  derma- 
centor, D.  parumapertus^  the  brown  dog 
tick,  Rhipicephalus  sanguineus,  and  Orni- 
thodoros  parkeri.  All  of  these  are  known 
to  attack  man,  the  last  three  only  rarely. 
It  seems  apparent  that  R.  sanguineus  bites 
man  more  frequently  in  other  parts  of  the 
world  than  in  this  country.  It  is  not  known 
whether  this  represents  an  actual  differ- 
ence in  host  selection  or  is  merely  indica- 
tive of  a  greater  opportunity  for  biting  pro- 
vided by  a  closer  association  of  man  with 
tick-infested  animals,  especially  the  dog." 

Ricketts  (1907)  according  to  Cooley  (19- 
32)  accidentally  demonstrated  experimentally 
that  Dermacentor  alhipictus  could  be  a  vector 
of  Rocky  Mountain  spotted  fever.  Philip  and 
Kohls   (1951)   reported  a  spotted  fever  case  as 
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probably  due  to  D.  albipictus  Packard.  The  list 
of  vectors  in  the  U.  S.,  therefore,  includes  a 
total  of  ten  species,  five  genera  and  two  families. 
The  vector  itself  is  apparently  not  affected 
by  the  rickettsia.  A  tick  when  once  infected, 
however,  remains  so  permanently  and  can  also 
transmit  the  disease  organism  from  generation 
to  generation  congenitally,  (transovarialj. 
When  the  human  host  becomes  inoculated  by 
an  infected  tick,  a  distinct  malaise  sets  in.  The 
degree  of  pathogenicity  is  predetermined  in 
part  by  the  virulence  of  the  strain  of  rickettsia 
injected,  coupled  with  the  inlierent  resistance 
man  may  present  to  the  disease. 

VECTOR   AND   DISEASE   RELATIONSHIP 
IN   UTAH 

As  far  as  is  known,  D.  andersoni  is  the  only 
tick  in  Utah  which  transmits  the  disease  from 
man  to  man  or  from  natural  reservoir  host  to 
man.  Haemaphysalis  leporis-palustris  (Pack- 
ard), the  rabbit  tick,  is  fairly  widespread 
throughout  Utah  (Fig.  9).  It  is  considered  as 
the  most  prominent  capable  vector  of  the  di- 
sease among  rabbits  and  thus  perpetuates  the 
disease  reservoir  in  nature  (?). 

The  common  rabbit  dermacentor,  Der- 
macentor  parumapertus,  is  widely  distributed 
in  the  Great  Basin  portion  of  Utah  (Fig.  8). 
From  experimental  evidence,  it  is  considered  as 
a  potential  vector.  It  is  perhaps  the  tick  most 
commonly  met  with  at  lower  elevations  in  the 
southern  part  of  Utah  as  well  as  the  western 
half  of  the  State.  Rhipicephalus  sanguineus 
(Latreille)  the  brown  dog  tick,  has  been  re- 
ported from  Utah  only  twice  (Edmunds  1951). 
Davis  (1943)  by  experimental  testing  showed 
Ornithodoros  parkeri  Cooley  to  be  a  "potential" 
vector  of  Rocky  Mountain  spotted  fever.  Col- 
lections as  reported  in  the  literature  and  from 
our  surveys  show  scattered  distribution  for  this 
species  in  Utah. 

Generally  speaking,  the  adult  tick  of  D. 
andersoni  and  D.  parumapertus.  live  on  mam- 
mals the  size  of  the  jack  rabbit,  and  larger  when 
feeding.  D.  parumapertus  as  adults  are  some- 
what restricted  to  L.  californicus  as  the  princi- 
pal host.  The  immature  stages  of  both  D.  ander- 
soni and  D.  parumapertus,  however,  are  con- 
sortes  of  smaller  animals  (Figs.  2  and  5). 

LIFE  HISTORY  AND  NOTES 
ON  SEASONAL  VARIATION 

D.  andersoni 

The  life  history  of  this  species  of  tick  has 
been  carefully  studied  at  the  Rocky  Mountain 


Laboratory  in  Hamilton,  Montana.  However, 
most  of  the  data  derived  have  been  from  results 
of  studies  made  under  natural  conditions  as  well 
as  under  controlled  laboratory  conditions  at  that 
geographic  area.  Kohls  (1937)  describes  in 
some  detail  tick  rearing  methods  for  D.  ander- 
soni. No  complete  life  history  study  has  been 
made  of  D.  andersoni  or  any  other  species  of 
tick  under  Utah  conditions.  Some  very  ele- 
mentary observations  have  been  made  in  our 
studies,  however,  which,  it  is  felt,  should  be 
reported  upon.  Before  referring  to  these  obser- 
vations, a  few  general  statements  would  be  in 
order  regarding  the  life  history  of  the  Rocky 
Mountain  wood  tick,  D.  andersoni. 

Generally  speaking,  the  life  history  stages 
of  D.  andersoni  are  as  follows:  The  adult  en- 
gorged female  lays  several  thousand  eggs  fol- 
lowing her  emergence  from  hibernation  in  early 
spring  of  March  and  April.  The  feinale  dies  up- 
on completion  of  egg  laying.  The  eggs  hatch 
as  larvae  which  possess  six  legs.  They  attach 
themselves  to  the  smaller  rodents  if  the  latter 
are  present  in  the  vicinity  (Fig.  5  and  Table  6). 
After  foiu-  to  seven  days'  engorgement  on  the 
host,  the  larvae  drop  off  and  undergo  a  molt, 
emerging  as  nymphs  in  late  summer.  The 
nymphs  then  usually  hibernate  over  the  winter 
in  that  stage.  The  following  spring,  the  nymphs 
emerge  from  hibernation,  attach  themselves  to 
a  large,  warm-blooded  animal,  engorge  them- 
selves, drop  from  the  host,  molt  again,  emerge 
as  adults  and  start  the  cycle  over  again.  These 
adults  are  the  ones  which  become  active  the  fol- 
lowing spring.  A  minimum  of  two  year's  time 
is  required  to  complete  the  cycle,  and  three 
hosts  are  involved. 

Coffey  (1953)  in  making  some  studies  on 
seasonal  variations  with  respect  to  populations 
of  D.  andersoni  and  D.  parumapertus  at  widely 
separated  locations  in  the  northern  part  of  the 
Great  Basin  area  in  Utah,  has  the  following  to 
say: 

"D.  andersoni  first  becomes  active  in  the 
spring  of  the  year  at  lower  elevations,  re- 
maining in  hibeiTiation  at  the  higher  ele- 
vations until  later  in  the  season." 

Coffey's  observations,  as  well  as  those  by 
the  writer,  indicate  that  the  appearance  of  the 
adults  in  the  springtime  is  in  part  regulated  by 
the  current  climatic  conditions  and  altitude. 
The  earliest  record  of  an  adult  D.  andersoni  tick 
being  taken  in  Utah  is  one  collected  by  the 
author  on  March  2,  1954.  This  tick  was  re- 
moved from  a  young  boy  who  had  been  hiking 
in  the  foothills  near  Provo,  Utah.    The  weather 
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had  been  extremely  balmy  for  a  few  days.  This 
was  followed  by  a  snow  storm  and  a  very  cool 
period  for  several  weeks,  in  which  no  ticks 
were  found.  Following  the  cold  spell,  another 
very  warm  period  occurred  and  the  ticks  were 
active  again.  On  April  10,  eighty- three  ticks 
were  taken  from  a  student  engaged  in  geological 
survey  work  at  the  south  end  of  Cedar  Valley 
near  Eureka,  Juab  County,  Utah.  On  the  17th 
of  April,  1954,  three  other  student  geologists 
from  the  Brigham  Young  University  removed 
40,  23,  and  12  ticks,  respectively,  from  their 
bodies  following  the  day's  work  in  the  same 
area,  and  all  ticks  were  adults  of  D.  anderscni. 

From  collection  records  and  reports  from 
literature,  it  appears  that  the  peak  activity  of 
adult  populations  for  most  of  the  range  of  D. 
andersoni  in  Utah  is  later  than  that  determined 
for  Idaho  and  Montana.  It  is  reached  about  the 
last  week  in  April  and  the  first  week  in  May, 
depending  on  weather  conditions  and  elevation 
(Fig.  1).  During  the  late  spring,  summer  and 
fall  D.  andersoni  begin  to  taper  off  in  numbers 
at  the  lower  elevations  but  still  can  be  found  at 
higher  elevations.  The  most  consistent  host  on 
which  this  species  of  tick  can  be  expected  to  be 
found  in  the  late  months  of  the  year.  (August, 
September,  and  October)  is  the  Porcupine  Eret- 
hizon  dorsatum. 

A  few  rearing  experiments  were  carried 
out  with  nymphal  stages  of  Dermacentor  sp. 
They  were  allowed  to  engorge  themselves  on 
guinea  pigs  until  they  were  ready  to  molt.  In 
all  cases  except  one  the  nymphs  emerged  as 
adult  D.  parumapertus .  The  exception  was  a 
D.  andersoni.  It  was  one  of  two  nymphs  taken 
from  a  jack  rabbit,  L.  californicus,  in  Cedar  Val- 
ley, Utah  County,  Utah,  in  July. 

From  data  at  hand  it  seems  safe  to  say  that 
the  majority  of  Dermacentor  in  all  stages  of  de- 
velopment found  at  the  lower  elevations  in  the 
Great  Basin  region  (desert  valley  and  basins) 
in  Utah,  would  be  D.  parumapertus. 

Very  few  immature  ticks  of  D.  andersoni 
have  been  collected  at  the  lower  foothill  ele- 
vations or  mountainous  areas  diu-ing  the  peroid 
of  this  survey.  This  is  the  level  where  it  might 
be  expected  that  D.  andersoni  would  be  located. 
There  are  records  from  our  survey  which, 
though  isolated,  do  give  definite  evidence  that 
both  species  (D.  andersoni  and  D.  parumaper- 
tusq  overlap  in  their  distribution  (Table  5). 

The  immature  Dermacentor  ticks  found  at 
high  altitudes  would  most  likely  be  D.  ander- 
soni. An  examination  of  these  collections  of  im- 
mature ticks  obtained  by  our  survey  indicates 


a  close  correlation  in  activity  but  a  wide  vari- 
ation in  total  numbers  of  specimens  collected. 
Immature    stages    are   in    evidence    from   May 
until  September  (Fig.  4). 

D.    PARUMAPERTUS^ 

With    respect    to    life    history    notes    and 
seasonal  variations  for  this  species,  I  will  quote 
from  Coffey's  (1953,  op.  cit.,  p.  61)  records  on 
Dermacentor  sp.    He  established  two  stations  in 
the  Great  Basin  area  of  Utah.   One  station  was 
at  a  broad,  low-lying  desert  valley  between  two 
mountain   ranges    known   as   Cedar   Valley   in 
Utah  County.   The  other  was  at  Lucin  in  Box 
Elder  County  at  the  western  edge  of  the  Great 
Salt  Lake  Desert  in  northwestern  Utah: 
"In  view  of  the  fact  that  adults  of  D. 
andersoni  have  not  been  taken  in  the  Lucin 
study  and  that  all  of  the  rearing  yielded 
only  one  specimen  of  D.  andersoni,  it  seems 
probable   to   conclude   that   the   immature 
Dermacentor  sp.   in  these  studies    (Lucin 
and  Cedar  Valley)  are  in  the  majority  D. 
parumapertus.    In  the  early  spring  larvae 
and  nymphs  are  abundant." 

"If  these  ticks  are  D.  parumapertus  an 
interesting  problem  is  presented,  namely, 
no  engorged  females  of  D.  parumapertus 
were  found  during  the  winter  months 
which  would  be  necessary  unless  the  larvae 
hibernate  over  winter.  An  interesting 
problem  in  its  own  right  would  be  the  rear- 
ing of  all  the  immature  stages  of  Der- 
macentor collected  in  an  area  such  as  Cedar 
Valley." 

"Another  intriguing  problem  regarding 
these  ticks  is  brought  to  one's  attention  by  a 
statement  in  the  literature.    Bishopp  and 
Trembley   (1945)   say  that  the  immature 
forms    of    D.    parumapertus    are    usually 
found  in  the  cooler  months  of  the  year, 
from     September     to     May.      The     data 
gathered  in  this  study  does  not  show  this 
seasonal  pattern.    Bather,  it  is  nearly  the 
opposite.    Of  course,  as  previously  point- 
ed out,  one  cannot  be  certain  that  these  im- 
mature   forms    are    all    D.    parumapertus. 
Begardless  of  this,  the  fact  remains  that  no 
immature    forms    of    Dermacentor    were 
found  in  this  study  in  the  winter  months." 
In  direct  contrast  wdth  the  absence  of  col- 
lections for  adult  D.  andersoni  during  the  win- 
ter months   in  Utah,   D.   parumapertus  adults 
have  been  collected  every  month  of  the  year 


The  immature  stages  of  D.  andersoni  and  D.  parumapertus  are  ex- 
tremely difficult  to  separate  taxonomically.  Tfie  only  reliable 
metfiod  of  determination  is  to  rear  tliem  through  to  adulthood  and 
then  classification  can   be  done  more  accurately. 
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Fig  5  Comparative  numbers  of  larval  and  nymphal  tick  collections  of  Dermacentor  sp.,  removed 
from  various  species  of  hosts  over  a  five  year  period  in  Utah.  The  total  number  represents  in  each 
case  the  collections  made  in  the  five  year  period  and  not  the  total  number  of  ticks  collected. 
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(Fig.  1).  The  predominant  months  of  activity 
as  adults,  however,  are  from  March  through 
September  from  collection  records  made  by  this 
survey.  Immature  stages  have  been  observed 
as  having  peak  activity  from  March  through 
June.  This  has  been  found  to  be  the  case  for 
nymphs  and  larvae  collected  from  hosts  in  geo- 
graphic areas  mentioned  above  where  it  can  be 
assumed  that  the  ticks  are  D.  parumapertus 
(Fig.  2).  Figure  6  shows  this  seasonal  variation 
in  the  activity  of  larvae  and  nymphs  as  found 
at  the  two  widely  separated  geographical  lo- 
cations of  Lucin  and  Chimney  Rock  Pass — Ce- 
dar Valley  areas  in  the  Great  Basin  region. 

The  collections  at  Lucin  were  made  in 
February,  May,  June  and  October.  At  the  Ce- 
dar Valley-Chimney  Rock  Pass  station  col- 
lections were  made  on  a  monthly  basis.  An 
analysis  of  data  from  the  Chimney  Rock  Pass- 
Cedar  Valley  collections  reveals  a  great  abund- 
ance of  larvae  as  compared  to  nymphs  for 
March  and  April.  There  were  811  larvae  and 
103  nymphs  removed  from  38  hosts  during 
March.  In  April  there  were  915  larvae  and  59 
nymphs  removed  from  30  hosts.  In  May  the 
ratio  begins  to  reverse  itself  for  both  the  Lucin 
and  the  Cedar  Valley-Chimney  Rock  Pass  col- 
lections. In  May  at  Lucin  there  were  496  lar- 
vae and  674  nymphs  removed  from  54  hosts. 
At  Chimney  Rock  Pass-Cedar  Valley  29  larvae 
and  436  nymphs  were  collected  from  15  hosts. 
For  the  month  of  June  at  Lucin,  61  nymphs  and 
the  complete  absence  of  larvae  were  noted  on 
23  hosts  while  at  Chimney  Rock  Pass-Cedar 
Valley  44  nymphs  and  only  6  larvae  were  found 
on  10  hosts  for  the  same  month.  An  unex- 
plained increase  in  larvae  over  nymphs  for 
August  through  October  was  found  in  the  Cedar 
Valley-Chimney  Rock  Pass  collections.  This 
was  likewise  the  condition  however  for  the  Lu- 
cin collections.  In  October  there  were  67  larvae 
and  49  nymphs  taken  from  15  hosts,  while  at 
the  Chimney  Rock  Pass-Cedar  Valley  area,  50 
larvae  and  the  complete  absence  of  nymphs  was 
found  to  be  the  result  of  the  examination  of  4 
host  mammals  (Fig.  6). 

A  careful,  complete  life  history  of  this 
species  under  Utah  conditions  is  needed  in  order 
to  more  accurately  determine  population  trends 
on  a  seasonal  basis. 

HaEMAPHYSALIS   LEPORIS-PALUSTRIS 

The  egg-laying  activity  of  this  species  over 
most  of  the  State  of  Utah  follows  somewhat  the 
same  pattern  as  D.  andersoni.  However,  the 
immature  stages  are  in  evidence  much  longer 


than  D.  andersoni.  Data  gathered  on  this  sur- 
vey agree  closely  with  reference  on  life  history 
habits  as  reported  in  the  literature  (Fig.  3).  As 
the  distributional  range  is  extended  southward, 
the  various  stages  in  the  life  history  of  this  wide- 
ly spread  tick  becomes  modified.  For  example, 
there  are  both  nymphal  and  adult  populations 
in  evidence  during  winter  in  the  southwestern 
corner  of  Utah,  which  is  in  the  southern  desert 
shrub  commimity  and  possesses  a  mild  winter 
climate.  On  December  21,  1950,  sixty  nymphs 
and  121  adults  were  removed  from  the  cotton- 
tail, Sylvilagus  auduboni,  at  Beaver  Dam  Wash, 
Washington  County,  Utah.  The  latest  date  for 
a  nympal  collection  in  the  northern  (northern 
desert  shrub  community)  part  of  the  State  has 
been  September  30,  1949.  One  nymph  was  re- 
moved from  a  Lepus  californicus  and  one  from 
Sylvilagus  nutallii  at  Heber,  Wasatch  County, 
on  that  date.  It  is  interesting  to  note  that  our 
survey  records  for  the  months  of  January  and 
February  show  no  reference  to  specimens  of 
H .  leporis-palustris  of  any  age  having  been  col- 
lected. Edmunds'  (1951),  op.  cit.,  p.  25-26) 
references  to  collection  dates  all  show  summer 
collections.  Apparently,  this  tick  does  not  have 
a  very  extensive  winter  activity  in  the  northern 
or  colder  parts  of  Utah. 

Ornithodoros  parkeri  and  Dermacentor 

ALBIPICTUS 

The  collection  records  for  these  species 
have  not  been  sufficiently  numerous  to  give 
significant  life  history  data. 

VECTOR  HOST  ASSOCIATION 
AND  DISTRIBUTION 

D.    ANDERSONI: 

Information  obtained  from  the  literature 
and  the  data  resulting  from  this  survey  show 
that  this  tick  does  not  demonstrate  any  marked 
host  specificity,  either  as  immature  or  adult  or- 
ganisms. Very  few  larvae  or  nymphs  of  what 
could  be  occurately  identified  as  this  species  are 
listed  for  this  survey.  It  will  be  recalled  that 
the  larvae  and  nymphs  of  this  species  are  very 
difficult  to  accurately  separate  taxonomically 
from  the  rabbit  tick  (D.  parumapertus).  With 
but  one  exception,  at  no  time  during  the  period 
of  this  survey  was  an  adult  tick  removed  from 
a  host  smaller  than  the  Snow  Shoe  rabbit  Lepus 
americanus.  The  one  exception  was  the  collec- 
tion of  an  adult  male  on  a  Peromyscus  manicu- 
latus  at  Aspen  Grove,  Mt.  Timpanogos,  Utah 
County,  Utah.  Most  of  our  adult  tick  collection 
records  are  from  man.    The  next  most  common 
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vector-host  was  the  porcupine  E.  dorsatum.  This 
was  followed  by  the  jack  rabbit,  (L.  californi- 
cus),  mule  deer  (Odocoilus  hemioniis)  and  the 
domestic  sheep.  Other  collections  are  from  the 
bob  cat  and  skunk. 

Many  specimens  of  nymphal  and  larval 
stages  of  Dermacentor  have  been  collected  (Fig. 
5).  For  reasons  mentioned  previously,  these 
specimens  were  not  given  "specific"  status  and 
have  been  here  listed  as  Dermacentor  sp. 
Nevertheless,  there  are  sufficient  data  at  hand 
to  indicate  that  larvae  and  nymphs  of  the  genus 
Dermacentor  collected  at  higher  altitude  lo- 
cations (montane)  would  most  likely  be  D. 
andersoni.  Those  immature  stages  at  lower  ele- 
vations (desert)  would  probably  be  D.  parum- 
apertus  (Table  5  and  Fig  6). 

Those  specimens  collected  at  the  foothill 
areas  (the  ecotonal  situation  between  the  mon- 
tane and  valley  or  desert  shrub  communities) 
could  be  either  one  of  the  two  species.    In  tliis 
study  a  single  male  adult  D.  parumapertus  was 
collected  at  Aspen  Grove,  on  Mt.  Timpanogos 
in  Utah  County,  May  23,  1951:    host,  Peromys- 
cus    maniculatus.     The   appro.ximate   elevation 
at  the  place  of  collection  was  7,000  feet.   Like- 
wise, in  July,  1952,  one  of  two  nymphs  collected 
from  Lepus  californicus  in  Cedar  Valley,  Utah 
County,  Utah,  was  reared  through  to  adulthood 
and  proved  to  be  D.  andersoni.   The  elevation 
in  the  valley  where  the  collection  was  made  is 
about  4,800  feet. 

The  most  specific  host-vector  association 
with  regard  to  nymphal  and  larval  collections 
of  this  survey  for  Dermacentor  sp.  is  shown  in 
Table  5. 

Space  does  not  permit  an  extended  listing 
for  each  collection  record  made  throughout  the 
State  during  this  survey.  Distribution  by  coun- 
ty, however,  has  been  prepared  in  table  form 
for  D.  andersoni  and  other  ticks  implicated  with 
oRcky  Mountain  spotted  fever  (Table  6). 

Figures  7  illustrates  the  distributional  pat- 
tern in  the  state  for  the  adult  of  this  species. 
This  distributional  pattern  is  derived  from  both 
published  records  and  collection  records  ob- 
tained by  this  survey. 

Dermacentor  parumapertus 

Whereas  D.  andersoni  adults  show  a  wide 
range  of  host  selections,  D.  parumapertus  ad- 
ults are  more  restricted.  Lepus  californicus  is 
by  and  large  the  predominant  host  animal  for 
adult  D.  parumapertus.  Other  hosts  on  which 
they  have  been  collected  during  this  survey 
are  Dipodomys  ordii,  Perognathus  parvus,  Syl- 


vilagus  nuttallii,  Peromyscus  maniculatus  and 
Lepus  tow?iscndii. 

The  only  reliable  system  for  species  identi- 
fiction  of  immature  stages  v^here  D.  parum- 
apertus and  D.  andersoni  are  concerned  is  to 
rear  these  stages  on  through  to  adulthood.  From 
the  few  rearing  experiments  conducted  in  this 
project  there  is  sufficient  evidence  to  support 
the  theory  that  D.  parumapertus  is  predomi- 
nantly a  desert  inhabiting  fonn. 

If  such  is  the  case,  and  it  seems  to  be  ap- 
parent, then  the  immature  ticks  of  D.  parum- 
apertus are  found  on  a  variety  of  hosts  (Table 
5).  Table  6  shows  the  distribution  by  county 
for  the  adult  forms  of  this  species.  Figure  8 
shows  the  distributional  pattern  for  adults  with- 
in the  State.  This  figure  includes  data  from 
both  the  records  in  literature  as  well  as  from 
collections  made  by  this  survey. 

Haemaphysalis  leporis-palustris 

This  species  of  tick  in  Utah  has  been  collec- 
ted most  often  on  the  various  species  of  the 
family  Leporidae  (rabbits).  The  species  of  rab- 
bits are  as  follows:  Sylvilagus  auduboni,  Sylvi- 
lagus  nuttallii,  Sylvilagus  idahoensis,  Lepus 
call j amicus,  Lepus  toivnsendii.  Other  hosts  with 
which  the  tick  was  less  commonly  associated 
are  the  pack  rat  {Neotoma  cinerea),  the  ground 
squirrel  (Citcllus  variegatus),  and  the  green 
tailed  towhee  {Oberholseria  chlorura). 

It  is  interesting  to  note  that  Green,  Evans 
and  Larson  (1943)  found  that  snowshoe  hares 
were  the  preferred  hosts  in  Minnesota  and  even 
ruffed  grouse  were  more  important  hosts  than 
cottontails.  In  our  surveys  no  ticks  of  this  spe- 
cies have  been  taken  from  the  aspen  or  coni- 
ferious  belts  where  the  rabbits  Lepus  ameri- 
canus  and  Lepus  townsendii  have  been  collect- 
ed. Generally  speaking  it  may  be  concluded 
from  our  surveys  that  this  species  of  tick  is 
found  commonly  in  desert  situations  or  under 
desert-like  conditions  at  higher  elevations  where 
the  predominant  plant  growth  is  sage,  grease- 
wood  and  rabbit  brush  (Fig.  9)  . 

Dermacentor  albipictus 

This  tick  has  been  reported  from  the  deer 
(Odocoileus  hemionus  Rafinesque),  the  antelope 
{Antilocapra  americana  Ord),  and  the  horse 
(Edmunds  loc.  cit.,  p.  25).  The  only  collections 
taken  by  this  survey  were  from  elk  (Cervus 
canadensis  Allen)  in  Cache  County. 

Ornithodoros  parkeri 

Several  sample  collections  have  been  taken 
from  burrows  of  the  prairie  dog  of  the  genus 
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MONTANE  (high  altitudes) 

Vector: 

D.  andersoni 

Host: 

Lepus  townsendii 
Ochotona  princeps 
Peromyscus  maniculatus 
Zapus  princeps 
Citellus  lateralis 
Citellus  armatus 
Sciurus  aberti 
Neotoma  cinerea 
Marmota  flaviventer 
Mustela  erminea 
Erethizon  dorsatum 
Microtus  longicaudus 


ECOTONAL  (foothill) 
Vector: 

D.  andersoni  or 
D.  parumapertus 
Host: 

Sylvilagus  nuttallii 
Sylvilagus  auduboni 
Peromyscus  maniculatus 
Peromyscus  truei 
Peromyscus  crinitus 
Rattus  norvegicus 
Neotoma  cinerea 
Eutamias  minimus 
Eutamias  dorsalis 
Eutamias  quadrivittatus 
Citellus  variegatus 
Thomomys  bottae 
Oberholseria  chlorura 
(Bird  host) 


DESERT  (low  altitudes) 
Vector: 
D.  parumapertus 

Host: 

Lepus  calijornirus 
Sylvilagus  auduboni 
Sylvilagus  nuttallii 
Peromyscus  maniculatus 
Peromyscus  eremicus 
Reithrodontomys  megalotis 
Rattus  norvegicus 
Peromyscus  crinitus 
Perognathus  parvus 
Perognathus  longimembris 
Perognathus  formosus 
Dipodomys  microps 
Dipodomys  ordii 
Dipodomys  deserti 
Dipodomys  merriami 
Onychomys  leucogaste^ 
Microdipodops  sp. 
Citellus  variegatus 
Citellus  leucurus 
Cynomys  leucurus 
Eutamias  minimus 
Eutamias  dorsalis 
Neotoma  lepida 
Thomomys  bottae 


Table   5.     Vector-host    relationships    for   D.    andersoni  and  D.  parumapertus  with  reference  to  col 
lections  made  at  low  and  high  altitudes. 
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Davis 
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Duchesne 
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Emery 

X 
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X 
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X 
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X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

Millard 

X 

X 

X 

X 

X 

Morgan 

X 

X 

Piute 

X 

X 

X 

X 

Rich 

X 

X 

X 

Sanpete 

X 

X 

X 

X 

X 

X 

X 

Salt  Lake 

X 

X 

X 

X 

X 

San  Juan 

X 

X 

X 

X 

Sevier 

X 

X 

X 

X 

X 

Summit 

X 

X 

X 

Tooele 

X 

X 

X 

X 

X 

Uintah 

X 

X 

X 

X 

X 

X 

X 

Utah 

X 

X 

X 

X 

X 

X 

Wasatch 

X 

X 

X 

X 

X 

Washington 

X 

X 

X 

X 

X 

X 

X 

Wayne 

X 

X 

X 

X 

Weber 

X 

X 

Table  6.     Distribution  by  county  of  capable  andpotential  vectors  of  Rocky  Mountain  spotted  fever 
in  Utah. 
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Fig.  7.  Distributional  pattern  for  collections  of  Dermacentor  andersoni  in  Utah.  Each  dot  on  the 
map  represents  a  single  collection  and  does  not  indicate  the  numbers  of  specimens  taken  in  each  col- 
lection. 
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Fig.  8.  Distributional  pattern  for  collections  of  Dermacentor  parumapertus  in  Utah.  Each  dot 
represents  a  collection  record  and  does  not  indicate  the  numbers  of  specimens  taken  in  a  single  col- 
lection. 
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Cynomys.  Not  all  colonies  (prairie  dog  towns) 
produced  these  soft-bodied  ticks  when  collec- 
tions were  made.  Nevertheless,  it  is  presumed 
that  most  of  the  active  "dog"  towns  will  provide 
ticks  when  carefully  examined  at  the  appropri- 
ate season. 

SUMMARY   AND   CONCLUSIONS 

Although  some  data  have  been  gathered 
in  Utah  on  vectors  of  Rocky  Mountain  spotted 
fever,  no  state-wide  surveys  have  been  conduct- 
ed. In  the  present  study  special  attention  has 
been  directed  to  geographic  distribution  of  both 
vectors  and  host,  vector-host  relationships,  and 
seasonal  variation  in  populations  of  vectors 
throughout  the  State.  Some  data  have  been 
gathered  on  the  life  history  of  the  vectors,  and 
a  brief  discussion  of  the  historical  aspect  of  the 
disease,  its  incidence  in  Utah  and  elsewhere  is 
also  given. 

Geographic  distribution 

Of  the  four  capable  vectors  listed  as  present 
in  the  United  States,  Derniacentor  andersoni 
and  Haemaphysalis  leporis  -  palustris  are  found 
in  Utah.  Listed  for  Utah  as  potential  (experi- 
mental) vectors  are  Dermacentor  parumaper- 
tus,  Dermacentor  albipictus,  Rhipicephalis  son 
guineas  and  Ornithodoros  parkeri.  Of  the  po- 
tential vectors  D.  parumapertus  is  the  only  spe- 
cies having  extensive  distribution  in  Utah. 

Dermacentor  andersoni  has  a  wide  geo- 
graphic distribution  but  is  generally  restricted 
in  altitude  to  foothills  and  mountainous  areas. 
When  found  on  hosts  in  lowlands  and  desert 
areas  it  is  possible  that  the  host  migrated  from  a 
higher  altitude  to  a  lower  level. 

Haemaphysalis  leporis  -  palustris  has  a 
state-wide  pattern  of  distribution.  It  is  more 
common  at  lower  altitudes  in  basins,  valleys  and 
desert-like  conditions  whether  flatland  or  can- 
yon. This  may  be  due  in  part  to  certain  pre- 
ferred hosts,  members  of  the  family  Leporidae 
being  more  abundantly  distributed  at  lower 
elevations. 

The  geographic  distribution  of  Dermacen- 
tor parumapertus  in  Utah  is  in  the  main  rele- 
gated to  the  Great  Basin  area.  It  invades  to  a 
limited  extent  the  southernmost  part  of  the 
Colorado  River  drainage  basin  just  north  of  the 
Utah-Arizona   boundary. 

Dermacentor  albipictus  and  Ornithodoros 
parkeri  apparently  are  localized  in  distribution. 
Rhipicephalis  sanguineus  collections  seem  to  in- 
dicate an  accidental  occurrence  of  this  species  in 
Utah. 


Adults  of  D.  parumapertus  have  been  ta- 
ken at  all  seasons  of  the  year  in  Utah.  No  en- 
gorged famales,  however,  have  been  taken  dur- 
ing the  winter  months.  Nevertheless,  larvae  be- 
gin to  appear  in  early  February.  Both  larvae 
and  nymphs  are  active  from  February  through 
October  with  peak  activity  occurring  during 
May  and  June.  Peak  activity  for  adults  is  dur- 
ing the  month  of  July. 

Collection  in  Utah  of  Dermacentor  albipic- 
tus and  Ornithodoros  parkeri  are  too  scanty  to 
be  significant,  yet  our  data  seem  to  agree  with 
information  obtained  from  other  areas. 

Disease  and  Disease- Vector  Relationship 

There  are  sufficient  data  to  indicate  that 
Rocky  Mountain  spotted  fever  is  indigenous  to 
Utah.  The  disease  was  first  identified  as  such  in 
1905  in  Utah,  and  has  since  that  time  been 
found  in  every  country  of  the  State.  From 
1915-1942  there  were  recorded  313  cases  with 
38  deaths,  approximately  12.14%  mortality. 
From  data  compiled  by  The  Utah  State  Depart- 
ment of  Health  in  1934-1952,  the  average  num- 
ber of  cases  per  year  was  12.3%.  The  fatality 
rate  has  averaged  17.4%. 

With  regard  to  vector  transmission  D.  an- 
dersoni is  the  only  tick  of  consequence  in  Utah 
which  bites  man  and  can  transmit  the  disease. 
An  abundance  of  data  indicate  that  other  species 
of  ticks  are  involved  in  the  transmission  of  the 
disease  among  animals  and  man  and  thus  main- 
tain a  disease  reservoir  in  nature.  However  it 
should  be  emphasized  as  described  by  Jellison: 
"Positive  statements  regarding  such  a  reservoir 
and  names  of  specific  animals  have  been  pub- 
lished, but  convincing  evidence  has  not  been 
presented." 

HOST  RELATIONSHIP 

Dermacentor  andersoni  adults  are  mainly 
found  on  the  larger  vertebrate- hosts,  indicating 
no  special  host  preference.  Lepus  californicus, 
the  black  tailed  jack  rabbit  would  represent  the 
lower  limit  in  the  smaller  sized  vertebrates.  The 
immature  stages  of  this  tick  (larvae  and 
nymphs)  likewise  show  no  particular  host 
prefernce,  being  found  on  a  variety  of  small 
vertebrate  mammals,  primarily  of  the  order 
Rodentia. 

The  Haemaphysalis  leporis  -  palustris  ticks 
have  been  collected  most  often  on  the  various 
species  of  the  family  Leporidae.  It  has  been  less 
commonly  found  on  such  animals  as  Neotoma 
cinerca,  Citellus  variegafus,  and  the  green  tailed 
towhee   {Oberholseria  chlorura) . 
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The  adults  of  the  potential  vector.  Derma- 
center  parumapertus,  are  somewhat  restricted 
in  host  relationships.  Lepus  calijornicus  is  the 
predominant  host  animal,  in  fact  the  distribu- 
tional pattern  for  the  tick  is  almost  identical 
with  that  of  the  rabbit.  Other  hosts  on  which 
the  adults  have  been  collected  are  Dipodomys 
ordii,  Perognathus  parvus,  Sylvilagus  niittallii, 
Peromyscus  maniculatus,  and  Lepus  townsendii. 
The  innnature  stages  (larvae  and  njTuphs)  of 
this  tick  species  are  found  on  a  wide  variety  of 
small  mammals,  primarily  of  the  order  Ro- 
dentia. 

Dertnacentor  albipictus  has  been  collected 
from  the  deer  {Odocoileus  hemionus) ,  antelope 
{Antilocarpa  americana),  the  domestic  horse, 
and  the  elk,   {Cervus  canadensis). 

Ornithodoros  parkeri  seems  to  be  associated 
with  the  various  species  of  the  genus  Cynomys, 
the  prairie  dogs.  However,  examination  of  some 
"dog  towns"  failed  to  reveal  specimens  of  this 
vector. 

Regarding  the  unmature  specimens  of  D. 
andersoni  and  D.  parumapertus,  it  is  practically 
impossible  to  accurately  classify  them  to  species. 
Their  morphology  and  anatomy  are  almost 
identical.  Rearing  techniques  need  to  be  em- 
ployed to  obtain  adults  from  immature  stages 
in  order  to  accurately  identify  a  vector  species.* 

LIFE   HISTORY  AND   SEASONAL 
VARIATIONS   IN   POPULATIONS 

A  minimum  of  two  years'  time  is  required 
to  complete  the  life  cycle  of  D.  andersoni,  and 
three  hosts  are  involved.  The  earliest  record  for 
adult  emergence  in  Utah  is  March  2,  1954,  and 
adult  specimens  have  been  collected  as  late  as 
October.  Emergence  of  adults,  however,  occurs 
progressively  later  as  increase  in  elevation  is 
encountered.  Peak  activity  is  in  April  and  May 
depending  on  climatic  conditions  and  elevation. 
No  adult  specimens  have  been  collected  from 
November  through  Febioiary. 

The  egg  lying  activities  of  Haemaphysahs 
leporis  -  palustris  is  similar  to  that  of  D.  ander- 
soni. This  tick  seems  to  be  active  much  longer 
seasonally  in  the  warmer  parts  of  the  state.  No 
specimens,  however,  have  been  collected  in  any 
part  of  the  State  during  the  months  of  January 
and  February.  In  midsummer  the  tick  is  most 
active  in  all  stages  of  growth.  July  is  the  month 
of  peak  activity. 
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INTRODUCTION 


The  purpose  of  this  report  is  to  bring  available  information  concerning  the  Carex  species  in 
Utah  up  to  date.  This  includes  such  phases  as  latest  nomeclature,  notes  on  specific  distribution, 
habitat  requirements  and  economic  notes.  Identification  keys  and  descriptions  are  also  adapted 
for  the  group  of  entities  found  in  Utah. 

Possibly  no  group  of  vascular  plants  is  less  understood  by  range  ecologists  than  are  the 
sedges.  This  is  mainly  due  to  the  large  number  of  species  and  difficulty  in  identification,  and 
the  complexity  of  the  group;  however,  lack  of  recent  manuals  and  studies  dealing  specifically 
with  this  area  has  not  helped  the  situation.  It  is  hoped  that  this  study  will  aid  in  the  better  un- 
derstanding of  this  important  group. 

The  genus  Carex  in  Utah  is  represented  by  over  90  species.  This  places  it  among  the  larg- 
est genera  in  the  state.  Considering  only  the  montane  floras,  it  has  the  largest  representation 
of  any  genus.  Most  of  the  plant  communities  from  those  of  the  bogs  to  the  xeric  mountain  tops 
have  representatives  from  this  group.  In  the  lower  montane  zones,  about  70  percent  of  the  Carex 
species  are  wet  land  plants,  while  in  the  alpine  zone  about  55  percent  grow  in  mesic  to  drier 
sites.  To  certain  limits,  species  of  Carex  gain  importance  in  the  plant  communities  as  higher  ele- 
vations are  attained. 

IMPORTANCE  AS  A  FORAGE  PLANT 

Based  on  palatability,  species  of  Carex  are  nearly  equivalent  to  the  grasses.  Such  species  as 
C.  physocarpa  and  C.  rostrata  are  relatively  unpalatable  and  would  have  their  grass  counter- 
parts; others,  such  as  C.  bella,  are  highly  palatable  and  would  compare  favorably  with  the  bet- 
ter native  bluegrasses.  The  large  majority  of  the  species  fits  into  the  classification  of  moderate 
palatability. 

Economically  speaking,  the  genus  Carex  would  compare  favorably  as  a  grass  forage  pro- 
ducer with  the  better  grass  genera  with  the  exception  of  the  Agropyron,  Bromus,  and  Poa.  Car- 
ex is  of  special  importance  at  the  higher  elevations,  especially  in  the  alpine  zone,  where  it  is 
often  the  dominant  constituent  of  many  plant  communities.  In  the  Intermountain  valleys,  var- 
ious species  of  Carex  are  of  prime  importance  i  n  the  hay  meadows. 

SOURCES  OF  INFORMATION 

The  author  has  had  free  access  to  the  four  major  herbaria  of  the  state,  namely,  Brigham 
Young  University  at  Provo,  Intermountain  herbarium  at  Logan,  University  of  Utah  at  Salt  Lake 
City,  and  the  Region  4  Forest  Service  herbarium  at  Ogden.  Collections  have  been  made  from 
most  of  the  major  physiographic  units  (see  map)  over  a  period  of  four  years.  Valuable  help  in 
identification  has  been  received  from  F.  J.  Hermann  of  the  U.  S.  Department  of  Agriculture 
and  J.  T.  Howell,  California  Academy  of  Science.  Illustrations  by  Mrs.  Kent  II.  McKnight. 

The  body  of  the  report,  made  up  of  identification  keys  and  species  descriptions,  is  based 
primarily  on  Mackenzie's  "North  American  Flora."  Recent  nomenclatural  changes  and  addi- 
tions followed  generally  Hermann's  "Addenda  to  North  American  Carices."  All  keys  were 
adapted  to  local  flora  wherever  material  was  sufficient.  Works  of  numerous  students  of  the 
genus  were  also  reviewed. 


0.  This  report  is  the  result  of  a  study  made  under  the  direction  of  Dr.  Bertrand  F.  Harrison  of  the  Department  of  Botany 
at   Brigham   Young  University,    Provo.   Utah. 
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GRAPHIC  MATERIAL  AND  MAP 

Distribution  of  the  species  within  the  State  is  tied  to  the  major  physiographic  units  (Fen- 
neman,  Phy.  Prov.  of  West.  U.  S.,  1931).  Mountains  and  higher  plateaus  are  shown  on  the  map. 
Because  the  carices  in  our  area  are  primarily  montane,  only  the  elevated  portions  of  the  State 
are  showTi.  Physiographic  units  instead  of  counties  were  used  in  the  distribution  studies  because 

they  gave  a  truer  representation.  Counties  in  this  State  cover  such  broad  sweeps  of  mountains 
and  valleys  that  true  locations  would  be  hard  to  determine. 

Zonal  development  for  each  physiographic  unit  is  schematically  shown  in  Figure  2.  This 
is  not  to  scale.  Its  chief  value  is  to  give  the  reader  a  quick  picture  of  the  zonal  arrangement  of 
the  State's  montane  vegetation. 

CLASSIFICATION  OF  CAREX 

Carex  is  a  member  of  the  Cyperaceae  or  sedge  family.  An  artificial  key  to  the  Cyperaceae 
family  is  included,  but  only  one  genus,  Carex,  is  treated  in  this  paper. 

CYPERACEAE  —  SEDGE  FAMILY 

Plants  grass-like;  culms  usually  triangular  and  usually  solid;  leaves  three-ranked  when 
present  (rarely  two-ranked);  sheatlis  closed;  flowers  perfect  or  imperfect,  in  spikes,  each  flow- 
er (rarely  two  or  more)  in  axis  of  a  scale;  scales  imbricate,  spirally  arranged  in  several  rows, 
or  sometimes  two- ranked;  perianth  wanting  or  represented  by  hypogynous  bristles,  in  some  gen- 
era the  pistillate  or  rarely  both  flowers  enclosed  in  a  sac-like  organ  (perigynium);  stamens  one- 
three;  ovary  one-celled  and  one-ovided;  stigma   two-three;  fruit  an  achene. 

1.    Scales  of  spikes  two-ranked;  spikes  flattened Cyperus 

1.    Scales  of  spikes  spirally  imbricated;  spikes  terete  or  slightly  flat- 
tened. 

2.    Achenes  enclosed  in  a  sac-like  organ  (perigynium),  this  may 
be  split  on  one  side;  flowers  unisexual. 
3.    Perigynium  split  to  base  or  nearly  so,  enclosing  both  an 

achene  and  a  staminate  flower  or  flowers Kobresia 

3.  Perigynium  closed,  except  for  a  dorsal  suture  in  the  beak 

of  some  species,  enclosing  only  the  achene Carex 

2.    Achenes  not  enclosed  in  a  perigynium;  flowers  not  unisexual. 

4.  Styles  enlarged  at  base  forming  a  persistent  tubercle  on 

the  achene Eleocharis 

4.    Styles  not  enlarged  at  base  and  not  forming  a  persistent 
tubercle  on  the  achene. 

5.    Perianth  a  scale;  plants  annual Hemicarpha 

5.    Perianth  of  one  to  many  bristles;  plants  annual  or  per- 
ennial. 
6.    Perianth   bristles  many,  long-silky,   appearing  as 

tufts  of  cotton  at  maturity Eriophorum 

6.    Perianth  of  one  to  six  short  bristles,  these  may  be 

barbed,  smooth  or  pubescent Scirpus 


A    TYPICAL    SEDGE    PLANT 
(Carex  raynoldsii) 

STAMINATE     SPIKE 


BRACT    SHEATHLESS,  DARK-AURICLED 


FRUITING     CULM 


PISTILLATE      SPIKE 


PERIGYNIUM 


ACHENE 


LEAF 

STERILE  CULM 

LEAF     SHEATH 


ROOTS 


PLATE  I 


INFLORESCENCE     FORMS 


STAMINATE    FLOWERS 


PISTILLATE    FLOWERS 
ANDROGYNOUS    SPIKE    OF 

Carex  nigricans 


^-SPIKES  5-20  IN    AN 
OVOID    HEAD 


PISTILLATE    FLOWERS 
SCALE 

STAMINATE    FLOWERS 
GYNECANDROUS     SPIKE    OF 

Carex   festivella 


SPIKES  4-8  IN  A  HEAD 


STAMINATE    FLOWERS 


PISTILLATE    FLOWERS 
ANDROGYNOUS    SPIKE    OF 

Carex  hoodii 
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STAMINATE    AND    PISTILLATE 
SPIKES    SEPARATE 

Carex  nebraskensis 


VEGETATIVE     CHARACTERISTICS 


LEAF- LIKE    SCALES 


Carex  saximontana 


APHYLLOPODIC     CULM 


Carex  geyerii 


IZONTAL   RHIZOMES 

Carex   aquatilis  p,   « jp  -n- 


REPRESENTATIVE    PERIGYNIA    OF    CAREX 


C.  nigricans         C.  eleocharis         C.  hoodii 


C.  stipata       C,  canescens 


C.  nnicroptera        C.  rossii        C.  pseudoscirpoidea     C.  drummondiana    C,  hassei 


C.  misandra      C.  lanuginosa         C.  atrata  C.  kelloggi 

PLATE  HI 


CAREX  L.  SP.  PL.  972.  1753 

Plants  grass-like,  perennial.  Culms  mostly  triangular,  generally  solid;  leaves  three-ranked, 
the  upper  ones  (the  bracts)  subtending  the  spikes  or  inflorescence;  plants  usually  monoecious  or 
dioecious  in  a  few  species;  spikes  one  to  many;  flowers  unisexual,  solitary  in  the  axis  of  a  scale; 
stamens  three  (rarely  two);  pistillate  flowers  surrounded  by  a  sac-like  organ  (perigynium); 
fruit  a  lenticular  or  trigonous  achene  with  a  single  style  branching  above  into  two,  three,  or 
rarely  four  stigmas.  A  short  setiform  rachilla  is  present  in  some  species. 

ARTIFICIAL   KEY  TO  SECTIONS 

1 .    Spike  one A 

1.    Spikes  more  than  one 

2.    Stigmas  two  B 

2.    Stigmas   three  C 

A.  Spike  one 

1.    Stigmas  two 

2.    Plants  cespitose;  perigynia  not  reflexed. 

3.    Perigynia  lanceolate,  obscurely  nerved 1.  NARDINAE 

3.    Perigynia  ovate,  nerveless;  spikes  ovoid 2.  CAPITATAE 

2.    Plants  rhizomatous;  perigynia  reflexed 4.  DIOICAE 

1.    Stigmas  three 

4.    Pistillate  scales  deciduous;  at  least  the  lower  perigynia  re- 
flexed at  maturity,  stipitate 5.  CALLISTACHYS 

4.    Pistillate  scales  persistent;  perigynia  not  reflexed  at  maturity. 
5.    Spikes  androgynous. 
6.    Leaf-blades  filiform. 

7.    Plants   rhizomatous,   with   slender,   elongate  root- 
stocks;  perigynia  more  or  less  inflated 3.  INFLATAE 

7.    Plants  densely  cespitose;   perigynia  not  inflated; 
sheaths  forming  a  fasciculate  base. 
8.    Perigynia     puberulent     or     pubescent     above, 
nerveless;  staminate  flowers  conspicuous  (over 

half  of  spike) 24.  FILIFOLIAE 

8.    Perigynia  glabrous,  obscurely  striate;  staminate 
flowers     inconspicuous     (less    than    half    the 

spike) 1.  NARDINAE 

6.    Leaf-blades  flat  or  canaliculate,  not  filiform. 

9.    Perigynia  coriaceous  and  shining 25.  OBTUSATAE 

9.    Perigynia  not  coriaceous  and  shining. 

10.    Perigynia  3-4.5  mm.  long,  1-6,  closely  flower- 
ed. .    32.  RUPESTRES 

10.    Perigynia    5.5-7   mm.    long,    1-3,   separate  to 

overlapping 33.  FIRMICULMES 

5.    Spikes  entirely  staminate  or  pistillate 28.  SCIRPINAE 

B.  Spikes  more  than  one;  stigmas  two. 

1.    Lateral  spikes  sessile,  short. 

2.    Perigynia  not  white-puncticulate;  Beaks  conspicuous 

3.  Culms  from  long  creeping  rootstocks;  terminal  spikes  gen- 
erally androgynous  or  dioecious,  gynaecandrous  in  one 
species. 

4.    Perigynia  not  wing-margined;  spikes  androgynous  or 
dioecious. 
5.    Spikes   aggregated  into  a  globose  or  ovoid  head, 

androgynous 6.  FOETIDAE 


5.    Spikes  not  aggregated,  lower  distinct,  androgynous 

or  dioecious 7.  DIVISAE 

4.    Perigynia    wing-margined    at    least    above;    terminal 

spike  gynaecandrous  (our  species) 9.  ARENARIAE 

3.    Culms  cespitose;  occasionally  with  short  rhizomes,  never 
long-creeping. 
6.    Spikes  androgynous. 

7.    Perigynia   bodies  abruptly  contracted  into  beaks; 
culms  not  flattened  on  drying. 

8.    Spikes  few,  if  over  10,  greenish,  (drylands)  ....      12.  BRACTEOSAE 
8.    Spikes  numerous;  sheaths  often  red-dotted  ven- 

trally.  (wetlands)  14.  PANICULATAE 

7.    Perigynia  with  body  tapering  into  a  beak,  culms 
flattened  on  drying;  sheaths  cross-rugulose  ventral- 

ly 15.  VULPINAE 

6.  Spikes  not  androgynous,  upper  spike  gynaecandrous 
or  rarely  staminate,  lateral  spikes  gynaecandrous  or 
pistillate. 

9.    Perigynia  at   most   thin-edged,   the   lower  part  of 
the  body  spongy-thickened. 
10.    Perigynia  spreading  or  ascending  to  maturity.      19.  STELLULATAE 

10.    Perigynia  appressed 20.  DEWEYANAE 

9.    Perigynia  wing-margined,  not  spongy-thickened  at 

base 21.  OVALES 

2.    Perigynia  white-puncticulate;  beak  inconspicuous;  spikes  us- 
ually stiffly  compact 17.  HELEONASTES 

Lateral  spikes  peduncled  or  elongate;  terminal  spike  staminate  or 

bisexual. 

11.    Perigynia  beakless  or  very  short  beaked,  not  lustrous. 

12.    Lowest  bract  long-sheathing;  perigynia  pulverulent  or 

golden-yellow  at  maturity 38.  BICOLORES 

12.    Lowest  bract  sheathless  or  short-sheathing;   perigynia 

not  as  above 61.  ACUTAE 

11.    Perigynium  beak  0.5  mm.  or  more  long,  its  body  blackish 

and  lustrous.  —  C.  physocarpa  in 70.  VESICARIAE 

C.  Spikes  more  than  one;  stigmas  three. 

Perigynia  pubescent  or  puberulent. 

2.    Pistillate  flowers  few  (1-20);  achenes  closely  enveloped 27.  MONTANAE 

2.    Pistillate  flowers  many  (15-200);  achenes  more  or  less  loose- 
ly enveloped. 

3.    Leaves   septate-nodulose;   styles  deciduous;   sheaths  glab- 
rous in  our  species 54.  HIRTAE 

3.    Leaves  not  septate-nodulose;  styles  persistent;  sheaths  pub- 

secent.  —  C.  sheldonii  in  68.  PALUDOSAE 

Perigynia  glabrous. 

4.    Staminate  scales  united  at  base;  at  least  the  lower  pistillate 

scales  leaf-like 23.  PHYLLOSTACHYAE 

4.    Plants  not  as  above. 

5.    Perigynia  only  slightly  inflated  if  at  all,  nerveless  or  mod- 
erately nerved;  beak  not  bidentate  or  only  moderately  so; 
styles  deciduous;  plants  usually  not  coarse  and  tall. 
6.    Lower  bract  long-sheathing. 

7.    Perigynium  beak  entire  or  nearly  so. 

8.  Perigynia  suborbicular  in  cross-section,  with 
many  raised  nerves;  beak  conic,  rather  con- 
spicuous; scales  dark-colored 41.  GRANULARES 


8.  Perigynia  trigonous,  nei-ves  inconspicuous,  beak 
minute;  spikes  drooping  on  capillary  peduncles; 

scales  light-colored 48.  CAPILLARES 

7.    Perigynium  beak  bidentate. 

9.  Perigynia  generally  broad  and  trigonous,  green- 
ish-colored;   scales    light-colored;    spikes    with 

spreading  perigynia 50.  EXTENSAE 

9.    Perigynia  lanceolate  or  ovate,  flat  or  flat-tri- 
angular;   scales   dark-colored;    spikes   with   ap- 

pressed  or  ascending  perigynia 52.  FERRUGINEAE 

6.    Lower  bract  sheathless  or  very  short-sheathing  (under 
2  mm.). 

10.    Roots  clothed  with  a  yellow  felt;  terminal  spike 
generally  staminate,  occasionally  gynaecandrous; 

lower  bract  occasionally  short-sheathing 59.  LIMOSAE 

10.    Roots  not  clothed  with  yellow  felt;  terminal  spike 
gynaecandrous    or    staminate,    rarely    pistillate; 

lower  bract  sheathless 60.  ATRATAE 

Perigynia  strongly  inflated,  smooth,  shining  and  strongly 
ribbed;  beak  deeply  bidentate  (in  ours);  styles  persistent; 
plants  usually  stout  and  tall. 
11.    Pistillate  scales  with  a  scabrous  awn;  one  terminal 

spike  staminate 67.  PSEUDO-CYPEREAE 

1 1 .  Pistillate  scales  with  a  rather  smooth  awn  where  pre- 
sent; generally  more  than  one  staminate  spike  above. 
12.    Perigynia  subcoriaceous  and  firm;  sheaths   (in 

ours)  soft-hairy 68.   PALUDOSAE 

12.    Perigynia    membranaceous;    sheaths    not    soft- 
hair^.    70.  VESICARIAE 


KEY  TO  SPECIES  OF  CAREX  OF  UTAH 

1.  NARDINAE  Tuckerm. 
Represented  by  one  species  in  our  area  1.  C.  hepburnii 

2.  CAPITATAE  Christ 
Represented  by  one  species  in  our  area 2.  C.  capitata 

3.  INFLATAE  Kukenth. 

1.    Perigynia  ovoid,  thin-membranous,  loosely  enveloping  achene, 

rounded  at  base 3.  C.  engelmannii 

1.    Perigynia  lanceolate  to  ovoid  lanceolate,  distended  by  achene 

which  nearly  fills  it,  strongly  stipitate  at  base 4.  C.  subnigricans 

4.  DIOICAE  Wormsk. 
Represented  by  one  species  in  our  area 5.  C.  gynocrates 

5.  CALLISTACHYS  (Heuffel)  Graebn. 
1 .    Plants  densely  cespitose;  leaf-blades  2-4  per  culm,  less  than  2  mm. 

wide,  folded;  staminate  flowers  few 6.  C.  pyrenaica 

1.  Plants  loosely  cespitose,  wdth  short  rhizomes;  leaf-blades  4-9  per 
fertile  culm,  2  mm.  or  more  wide,  flat;  staminate  flowers  many 
and  conspicuous 7.  C.  nigricans 

6.  FOETIDAE  Tuckerm. 
1.    Leaf-blades  2-4  mm.  wide;  perigjoiia  not  inflated;  scales  brown 

to  blackish,  green  or  light  midvein 8.  C.  vernacula 

1.  Leaf-blades  1.5  mm.  wide  or  less;  perigynia  inflated,  very  mem- 
branaceous; pistillate  scales  brownish  with  lighter  midveins 9.  C.  perglobosa 

7.  DIVISAE  Christ 
1.    Cuhns  obtusely  triangular;  leaves  narrowly  involute  or  canalicu- 
late; rootstocks  slender. 
2.    Perigynium  beak  long  (1.75  mm. ) ;  plants  dioecious  or  nearly 

SO;  heads  large.  (1.5  —  5  cm.  long)  10.  C.  douglasii 

2.  Perigynium  beak  short  (0.5-0.75  mm.);  plants  monoecious; 

spikes  androgynous;  heads  relatively  small 11.  C.  eleocharis 

1.    Culms  sharply  triangular;  leaves  flat  or  channeled. 

3.  Rootstocks  slender;  perigynia  unequally  biconvex,  1.75-3  mm. 

long 12.  C.  simulata 

3.    Rootstocks  stout;  perigynia  plano-convex,  3-4  mm.  long 13.  C.  praegracilis 

9.  ARENARIAE  Kunth 
Represented  by  one  species  in  our  area 14.  C.  foenea 

12.  BRACTEOSAE  Kunth 
1.    Perigynium  beak  obliquely  cleft  dorsally;  spikes  with  generally 

2-5   perigynia 15.  C.  vallicola 

1.    Perigynium  beak  bidentate. 

2.    Inflorescence  ovoid  to  suborbicular;  spikes  densely  capitate; 

perigynia  soon  brownish,  3.5-5  mm.  long 16.  C.  hoodii 

2.    Inflorescence  linear-oblong  to  oblong;  lower  spike  or  two  lit- 
tle separate;  perigynia  2.5-4.5  mm.  long 17.  C.  occidentalis 

14.  PANICULATAE  KUNTH 
Represented  by  one  species  in  our  area 18.  C.  cusickii 

15.  VULPINAE  Kunth 
Represented  by  one  species  in  our  area 19.  C.  stipata 


17.  HELEONASTES  Kunth 
1.    Spikes  androgynous;  perigynia  unequally  biconvex 20.  C.  disperma 

1.  Spikes  (at  least  uppermost)  gynaecandrous;  perigynia  plano-con- 
vex. 

2.    Spikes  2-5,  congested;  plants  low-growing  (0.5-3  dm.  high)  in 
small,  loose  clumps;  scales  brownish. 

3.  Perigynia  small,  1.5-2  mm.  long,  ascending  or  rather 
loosely  spreading  at  maturity;  scales  somewhat  shorter 

than  perigynia;  spikes  4-5 21.  C.  praeceptorum 

3.  Perigynia  2-3.5  mm.  long,  closely  arranged  and  appressed- 
ascending;  scales  exceeded  by  tips  only  of  mature  perigyn- 
ia; spikes  2-4 22.  C.  bipartita 

2.    Spikes  4-10,  lower  ones  distinct;  plants  1-8  dm.  high,  in  dense 
clumps;  scales  light-colored. 

4.  Perigynium  beak  fairly  long  and  scabrous  with  a  dorsal 
suture  its  entire  length;  perigynia  very  thin- walled  wdth 

distinctly  raised  veins 23.  C.  brunnescens 

4.  Perigynium  beak  very  short  and  inconspicuous,  dorsal 
suture  short  or  absent;  perigynia  with  thicker  walls  and 
obscurely  nerved 24.  C.  canescens 

19.  STELLULATAE  Kunth. 
1 .    Perigynia  rather  abruptly  narrowed  into  a  beak  one-third  to  one- 
fourth  its  body  lengtn,  shallowly  bidentate,  body  concavo-con- 
vex, ovoid,  1.5-2  mm.  wide;  sheaths  hyaline  ventrally,  not  red- 
dotted 25.  C.  interior 

1.  Perigynia  contracted  into  a  beak  more  than  half  the  length  of  the 
body,  rather  deeply  bidentate,  body  plano-convex,  lanceolate, 
1.25-mm  wide;  sheaths  hyaline  ventrally,  often  red-dotted 26.  C.  angustior 

20.  DEWEYANAE  Tuckerm 
1.    Spikes  usually  3  or  4;  perigynia  4.5-5.5  x  1.5-2  mm.,  obscurely 

nerved,  tapering  into  a  serrulate,  shallowly  bidentate  beak 27.  C.  deweyana 

1.    Spikes  5-8;  perigynia  4-4.5  x  1-1.3  mm.,  rather  strongly  nerved, 

abruptly  tapering  into  a  serrulate,  deeply  bidentate  beak 28. ..C  bolanderi 

21.  O VALES  Kunth 
1 .    Bracts  not  conspicuously  exceeding  head. 

2:    Perigynia   wdth   beaks   slender,   nearly  terete  and   scarcely 

margined  at  tip.  Predominently  Western  North  America Group  A. 

2.    Perigynia  wdth  beaks  flattened  and  margined  to  tip,  serrulate 

to  apex.  Predominently  Eastern  North  America Group  B. 

1.    Bracts  conspicuously  exceeding  head Group  C. 

Group  A.  Perigynia  with  slender  nearly  tetete  beaks. 

1.  Scales  shorter  and  narrower  than  perigynia,  largely  exposing 
perigynia  above. 

2.    Perigynia  3.5-7  mm.  long,  flat  and  scale-like  to  strongly  plano- 
convex. 
3.    Perigynia  strongly  plano-convex,  thick,  copper-colored  at 

maturity,  3.5-5  mm.  long 29.  C.  pachystachya 

3.  Perigynia  not  strongly  plano-convex,  generally  much 
flattened  and  scale-like. 

4.    Perigynia  light-green  to  stramineous,  3.5-5  mm.  long; 

scales  dull-brown  to  blackish-brown. 

5.    Perigynia  strongly  wing-margined  (0.3-0.45  mm. 

wide),  ratio  of  width  to  length  0.39-0.50;  scales 

dark-chestnut  to  brownish- black;  spikes  appressed- 

ascending 30.  C.  festivella 


5.  Perigynia  narrowly  wing-margined  (0-0.3  mm. 
wide),  ratio  of  width  to  length  0.34-0.40;  scales 
usually  dull-brown;  spikes  with  perigynia  spread- 
ing      31.  C.  microptera 

4.    Perigynia  very  dark,  brownish-black  to  blackish  ting- 
ed, 4.5-7  mm.  long;  scales  dark-brown  to  black. 

6.  Perigynia  narrowly  lanceolate,  5-7  mm.  long,  fine- 
ly many-nerved  ventrally;  beaks  appressed;  culms 

stiff,  erect 32.. .C.  ebenea 

6.  Perigynia  ovate,  4-5  (6)  mm.  long,  nerveless  ven- 
trally, beaks  conspicuous;  culms  slender,  often  de- 
cimibent 33.  C.  haydeniana 

2.    Perigynia  small,  3-5  mm.  long  or  less,  plano-convex,  the  low- 
er part  of  perigynium  nearly  filled  by  achene. 

7.  Perigynia  with  margins  of  beak  not  serrulate;  scales  black- 
ish      34.  C.  illota 

7.    Perigynia  with  margins  of  beaks  strongly  serrulate;  scales 

reddish-brown 35.  C.  subfusca 

1.    Scales  about  length  of  perigynia  and  nearly  same  width  above, 
largely  concealing  them. 

8.    Heads  with  monilifoi-m  spikes,  nodding  or  flexuose 38.  C.  praticola 

8.    Heads  with  approximate  spikes,  erect. 

9.    Perigynia  abruptly  contracted  into  a  short  (1  mm.  long 
or  less),  conspicuously  hyaline  beak;  culms  1-3  dm.  high, 
in  large  stools. 
10.    Perigynia  oblong-ovate,  rather  conspicuously  miargin- 

ed,  4-6  mm.  long 36.  C.  phaeocephala 

10.  Perigynia    linear-oblanceolate,   very   narrowly  mar- 
gined, boat-shaped,  3.5-4  mm.  long 37.  C.  leporinella 

9.  Perigynia  tapering  into  a  longer  beak  (near  2  mm.  long), 
hyaline  tipped  but  not  conspicuously  so;  culms  in  small 
clumps,  often  with  short-prolonged  rootstocks. 

11.  Perigynia  5-6  mm.  long,  culms  obtusely  triangular, 

thick  at  base 39.  C.  eastwoodiana 

11.    Perigynia  5.8-8  mm.  long;  culms  acutely  triangular, 

slender  at  base 40.  C.  petasata 

Group  B.  Perigynia  with  flattened  beaks. 

1.    Scales  shorter  than  perigynia  and  noticeably  narrower  above, 
exposing  perigynia  above. 

2.    Perigynia  3-3.5  mm.  long,  thick,  firm,  plano-convex;  tip  of 

beak  little  flattened 35.  C.  subfusca 

2.    Perigynia   4.5-7.5   mm.   long,   body  suborbicular,   flat,  with 
broad  wings. 
3.    Perigynia  light-green  or  straw-colored,  4.5-5.5  mm.  long; 

culms  1-4  dm.  high 41.  C.  straminiformis 

3.    Perigynia  olive-green  or  brownish,  6-7.5  mm.  long;  culms 

6-8  dm.  high 42.  C.  egglestoni 

1.    Scales  about  the  length  of  perigynia  and  nearly  as  wide  above, 

nearly  concealing  perigynia;  perigynia  wing-margined  at  base; 

rootstocks  short-prolonged 43.  C.  xerantka 

Group  C.  Bracts  conspicuously  exceeding  head. 
Lower  bract  not  appearing  like  a  continuation  of  the  culm 44.  C.  athrostachya 

23.  PHYLLOSTACHYAE  Tuckerm. 
Represented  by  one  species  in  our  area 45.  C.  saximontana 


24.  FILIFOLIAE  Tuckerm. 

1.    Pistillate  scales  with  very  broad,  bright-white,  hyaline  margins; 

perigynia  obtusely  angled,  3-5  mm.  long,  puberulent  above 46.  C.  filifolia 

1.  Pistillate  scales  reddish-brown  with  dingy-white-hyaline  margins; 
perigynia  rather  sharply  angled,  2.5-4  mm.  long,  sparsely  scab- 
rous above 47.  C.  elynoides 

25.  OBTUSATAE  Tuckerm. 

Represented  by  one  species  in  our  area 48.  C.  obtusata 

27.  MONTANAE  Fries 
1.    Upper  pistillate  spikes  with   (1)   3-8   (15)   perigynia;  perigynia 

2.8-4.5  mm.  long,  ciliate-serrulate  and  deeply  bidentate  beak 49.  C.  rossii 

1.    Upper  pistillate  spikes  with  1-3  perigynia;  perigynia  3.5-5  mm. 

long,  beak  shallowly  bidentate 50.  C.  pityophila 

28.  SCIRPINAE  Tuckerm. 
Represented  by  one  species  in  our  area 51.  C.  pseudoscripoidea 

32.  RUPESTRES  Tuckerm. 
Represented  by  one  species  in  our  area 52.  C.  drummondiana 

33.  FIRMICULMES  Kukenth. 
Represented  by  one  species  in  our  area 53.  C.  geyeri 

38.  BICOLORES  Tuckerm. 
1.    Perigynia  fleshly,  smooth,  golden-orange  (drying  brown);  spikes 

loosely  few-flowered 54.  C.  aurea 

1.     Perigynia  dry,  whitish-papillose;  spikes  closely  flowered. 

2.    Foliose  bract  with  inner  summit  of  sheath  truncate;  culms 

slender  but  erect,  0.5-3  dm.  high;  perigynia  2.5-3  mm.  long 55.  C.  hassei 

2.  Foliose  bract  with  inner  summit  of  sheath  "V"  shaped  or 
arcuate;  culms  slender  and  spreading,  (1)  3-6  dm.  high;  per- 
igynia 2-3  mm.  long 56.  C.  garberi 

41.  GRANULARES  0.  F.  Lang 
Represented  by  one  species  in  our  area 57.  C.  crawei 

48.  CAPILLARES  Asch. 
Represented  by  one  species  in  our  area 58.  C.  capillaris 

50.  EXTENSAE  Fries. 
Represented  by  one  species  in  our  area 59.  C.  viridula 

52.  FERRUGINEAE  Tuckerm. 
1.    Terminal  spike  generally  gynaecandrous,  slender  peduncled  and 

drooping;  culms  slender  and  nodding  above 60.  C.  misandra 

1.    Terminal  spike  pistillate  or  occasionally  with  few  perigynia. 
2.    Perigynia  tapering  into  a  hardly  differentiated  beak  about  1 

mmi.  long;  pistillate  scales  ovate-oblong,  obtusish 61.  C.  ablata 

2.  Perigynia  abruptly  contracted  into  a  beak  one-fourth  to  one- 
third  the  body  length;  pistillate  scales  narrowly  ovate,  acute, 
cuspidate  or  short-awned 62.  C.  jissuricola 

54.  IIIRTAE  Tuckerm. 
Represented  by  one  species  in  our  area 63.  C.  lanuginosa 

59.  LIMOSAE  Tuckerm. 
1.    Pistillate  scales  persistent,  ovate  to  suborbicular,  as  long  to  long- 
er   than    perigynia;    plants    strongly    rhizomatous    with    forked 
rhizomes 64.  C.  limosa 

1.    Pistillate  scales   soon  deciduous,  lanceolate  to  ovate-lanceolate, 

usually  exceeding  the  perigynia;  plants  loosely  cespitose 65.  C.  paupercula 
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60.  ATRATAE  Kunth 
Terminal  spike  staminate. 

2.    Perigynia  strongly  flattened,  nerved;  leaves  bunched  above 

the  base 66.  C.  tolmiei 

2.    Perigynia  round  or  obtusely  triangular  in  cross-section,  little 
or  not  flattened. 

3.    Perigynia    suborbicular    in    cross-section,    3.25-4.5    mm. 

long;  staminate  spike  nearly  sessile;  culms  stout 67.  C.  raynotdsii 

3.  Perigynia    triangular  in   cross-section,   2-3.5  mm.    long; 

staminate  spike  on  a  slender  peduncle;  culms  slender 68.  C.  aboriginum 

Terminal  spike  gynaecandrous. 

4.    Culms  leafly  at  base,  persistent  leaves  of  previous  years  con- 
spicuous. 

5.  Perigynia  not  flat,  more  or  less  inflated,  obtusely-tri- 
angular or  compressed-suborbicular. 

6.  Perigynia  2-3  mm.  long,  obtusely-triangular;  spikes 
aggregated  into  a  head  4-8  mm.  long;  leaves  1-3  mm. 
wide;  scales  much  shorter  than  perigynia 69.  C.  media 

6.  Perigynia  3-5  nmi.  long,  compressed-suborbicular; 
spikes  aggregated  into  a  head  10-12  mm.  long;  leaves 

3-6  mm.  wide;  scales  shorter  to  equaling  perigynia 70.  C.  nelsonii 

5.    Perigynia  flat,  except  where  distended  over  the  achene. 

7.  Spikes  contiguous,  closely  congested,  sessile. 

8.    Culms  slender  and  nodding;  spikes  dense;  perigyn- 
ia smooth,  not  at  all  ciliate-scabrous 72.  C.  pelocarpa 

8.  Culms    stiffly    erect;    spikes    with   the    perigynia 
spreading   at   maturity;    perigynia    granular   and 

sparsely  ciliate-scabrous 75.  C.  nova 

7.  Spikes  not  closely  congested,  at  least  the  lower  one 
separate. 

9.  Spikes  sessile  or  lower  short  peduncled  (peduncle 
less  than  the  length  of  its  spike.) 

10.    Perigynia  papillose  or  granular  above. 

11.    Culms  stiffly  erect;  scales  with  conspicu- 
ous white-hyaline  margins 71.  C.  albo-nigra 

11.    Culms    nodding,    often   reclining;    scales 
at  most  only  narrowly  hyaline. 

12.  Upper  pistillate  scales  longer  than 
perigynia      (usually     conspicuously 

so),  brown  copper-colored 76.  C.  chalciolepis 

12.  Upper  pistillate  scales  shorter  than 
perigynia;  blackish-purple  or  black- 
ish-brown, fading  with  age 77.  C.  atrata 

10.    Peiigynia  not  at  all  papillose  or  granular 75.  C.  epapillosa 

9.    Spikes,  at  least  the  lower,  long  peduncled  (pedunc- 
les as  long  as  its  spike  or  longer.). 
13.    Lateral   spikes   linear,   gynaecandrous,  lower 

ones  nodding  on  slender,  roughish  peduncles.  ..      74.  C.  bella 
13.    Lateral  spikes  oblong  or  ovoid,  pistillate;  ped- 
uncles smooth 77.  C.  atrata 

4.  Culms  not  leafly  at  base  (aphyllopodic) ;  perigynia  tri- 
angular-biconvex; scales  usually  strongly  exceeding  per- 
igynia, awned  or  cuspidate 78.  C.  buxbaumii 
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61.  ACUTAE  Fries. 

1.    Lower   bract   shorter   than   inflorescence;   pistillate  scales  with 

rather  inconspicuous  midveins;  perigynia  purple-blotched  above. 

2.    Spikes  approximate  above,  lower  ones  somewhat  separate; 

lower  bract  leaf-like. 

3.    Rhizomes  purplish-red,  stoutish;  leaves  numerous  (8-20) 

per  culm,  clustered  near  base,  all  blade-bearing 79.  C.  bigelowii 

3.    Rhizomes  light-tan,  stout  (3-4  mm.);  leaves  few  (about  5), 

basal  but  few  of  lower  ones  not  blade-bearing 81.  C.  campy locar pa 

ssp.  af finis 

2.    Spikes   closely  aggregated;   lower  bract  squamiform,  much 

shorter  than  culm 80.  C.  scopulorum 

1.    Lower  bract  equaling  or  exceeding  inflorescence;  pistillate  scales 
with  lighter  mid  vein  usually  conspicuous;  perigynia  light-colored 
in  most  species. 
4.    Perigynia  with  conspicuous  raised  nerves. 

5.    Plants  cespitose,  forming  rather  large  clumps;  rootstocks 

slender;  perigynia  ovate,  1.5-3  mm.  long,  beaks  entire 82.  C.  kelloggii 

5.  Plants  loosely  cespitose  and   strongly  rhizomatous  with 
stout  horizontal  rhizomes;  perigynia  obovate,  2.7-3.5  mm. 

long,  beaks  bidentate 83.  C.  nebraskensis 

4.    Perigynia  nerveless  except  for  marginal  ribs. 

6.  Culms  purplish  at  base  and  from  long,  slender,  brown 

horizontal  rhizomes;  perigynia  2-3  mm.  long 84.  C.  aquatilis 

6.    Culms  light-tan  at  base  and  from  thick,  light-colored  rhiz- 
omes; perigjTiia  2.7-3.5  mm.  long 81.  C.  campylocarpa 

ssp.  affinis 

67.  PSEUDO-CYPEREAE  Tuckerm. 
Represented  by  one  species  in  our  area 85.  C.  hystricina 

68.  PALUDOSAE  Fries. 
1.    Perigynia  glabrous,   7-10  x  2  mm.,  beak  bidentate  with  teeth 

1.2-3  mm.  long;  sheaths  soft-hairy 86.  C.  atherodes 

1.    Perigynia  hairy,  5-6  mm.  long,  beaks  bidentate  with  teeth  0.75-1 

mm.  long;  sheaths  short-pubescent 87.  C.  sheldonii 

70.  VESICARIAE  Tuckerm. 
1 .     Stigma  normally  two;  perigynia  scarcely  inflated,  3-5  mm.  long; 

beaks  0.5-1  mm.  long 88.  C.  physocarpa 

1.    Stigmas  normally  three;  perigynia  from  scarcely  to  much  inflat- 
ed. 

2.  Perigynia  reflexed  or  horizontally  spreading,  7-10  mm.  long 
and  much  inflated;  sheaths  loose,  forming  a  prolonged,  trunc- 
ate summit;  bracts  several  times  exceeding  the  inflorescence.  ..  89.  C.  retrorsa 
2.  Perigynia  ascending  or  spreading;  sheaths  tight  and  concave 
at  mouth;  lower  bract  shorter,  moderately  exceeding  inflor- 
escence. 

3.    Rootstocks  short-creeping,  long  horizontal   rhizomes  ab- 
sent; culms  ascending,  not  erect. 

4.    Perigynia  4-8  mm.  long,  3-4  mm.  wide,  rather  abrupt- 
ly narrowing  into  a  beak;  scales  narrower  than  and 

from  half  to  as  long  as  perigynia 90.  C.  vesicaria 

4.    Perigynia  7-10  mm.  long  and  2-3  mm.  wide,  tapering 
into  a  beak;  scales  narrower  than  and  from  a  third  to 

half  the  length  of  perigynia 91.  C.  exsiccata 

3.    Rootstocks  short  but  sending  forth  long,  stout,  horizontal 

rhizomes;  culms  erect 92.  C.  rostrata 
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DESCRIPTION  OF  SPECIES 


1.  Carex  hepburnii  Boot.,  in  Hook.  FI. 
Bor.  Am.  2:209.  pi.  207.  1839.  (C.  nar- 
dina  Fries,  var.  hepburnii  Kukenth.) 

Plants  densely  cespitose;  culms  short  and 
wiry,  2-15  cm.  long  with  old  sheaths  forming  a 
fasciculate  base;  leaves  very  narrow  (0.25 
mm.),  wire-like;  spikes  solitary,  androgynous, 
with  5-15  erect-appressed  perigynia,  staminate 
portion  inconspicuous;  scales,  brownish,  with 
narrow  white-hyaline  margins,  wider  than  and 
slightly  longer  to  shorter  than  perigynia;  per- 
igynia biconvex  or  plano-convex,  3-4.5  x  1.2-2 
mm.,  lanceolate,  glabrous,  obscurely  striate  on 
both  faces,  light  to  dark  brown,  ciliate  above, 
abruptly  beaked;  beak  0.5  mm.  long,  hyaline 
and  emarginate  at  apex;  stigmas  2  or  3;  rach- 
illa  present. 

This  species  is  often  confused  with  C.  ely- 
noides  which  is  also  a  sedge  of  dry  alpine  sum- 
mits. It  differs  from  that  plant,  however,  in 
the  following  characters:  2  or  3  stigmas  instead 
of  consistently  3,  staminate  portion  of  spike  in- 
conspicuous, pistillate  scales  lack  the  conspic- 
uous hyaline  margin,  and  the  perigynia  glab- 
rous and  generally  somewhat  larger. 

Distribution 

General — Southern  Alaska  and  southward 
in  the  high  mountains  to  Colorado,  Utah,  and 
Nevada. 

Utah — Collected  from  the  Uinta,  Wasatch 
and  La  Sal  Mountains  and  the  Tushar  Plateau. 

Habitat 

Mackenzie  lists  C.  hepburnii  as  a  species  of 
dry  alpine  summits  and  slopes.  Some  of  our 
specimens  have  been  collected  from  streamside 
meadows. 

2.  Carex  capiiata  L.,  Syst.  Nat.  ed.  10. 
1261.  1759. 

Plants  loosely  cespitose  with  short-creeping, 
purplish-red  rootstocks;  culms  1-3.5  dm.  high, 
slender,  triangular  and  roughened  above,  pur- 
plish at  base,  old  leaves  persistent;  leaves  2-4 
per  culm,  involute;  spikes  solitary,  androgy- 
nous, globose  or  oval,  4-10  mm.  long;  scales 
brown  with  broad  hyaline  margin  and  apex, 
shorter  and  nari'ower  than  perigynia;  perigyn- 
ia 2-3.5  X  1-2  mm.,  plano-convex,  oval,  greenish 
to  light  brown,  with  sharp  smooth  edges,  spread- 
ing, abruptly  beaked;  beak  generally  from  one- 
fourth  to  one-third  the  length  of  perigynium 
body,  slender;  rachilla  present  but  shorter  than 
achene. 

Distribution 

General — An  Arctic-Alpine  species  extend- 
ing across  America  from  Alaska  to  Greenland 


and  southward  in  isolated  locations  on  the  high- 
er mountains  to  New  Hampshire,  Colorado, 
Utah,  and  Nevada;  also  northern  Eurasia. 

Utah — Two  specimens  from  Utah  have 
been  checked  by  the  author,  Maguire  15181, 
from  the  Bear  River  Mountains,  and  Lewis 
512  from  the  Uinta  Mountains. 

Habitat 

Mackenzie  lists  it  as  a  species  of  alpine 
summits  and  slopes.  Of  the  two  specimens  listed 
above  one  was  from  a  rather  dry  site  while 
the  other  was  from  a  damp  alpine  meadow. 

3.    Carex  engelmannii  L.  H.  Bailey,  Proc. 
Am.  Acad.  22:132.  1886. 

Plants  cespitose  with  slender,  brown,  scaly 
rhyzomes;  culms  0.5-2  dm.  high,  slender,  ob- 
tusely angled,  generally  smooth,  with  dried-up 
leaves  at  base;  leaves  several,  basal,  blades  fil- 
iform, 0.5  mm.  wide,  stiff;  spikes  solitary,  an- 
drogynous, forming  a  dense  oval  head,  stamin- 
ate flowers  inconspicuous,  perigynia  spreading 
at  maturity;  scales  ovate,  light  to  reddish-brown 
with  light  centers  and  hyaline  margins,  acute 
to  acuminate,  near  the  size  of  the  perigynia; 
perigynia  4-5  x  2-3  mm.,  very  membranous, 
somewhat  inflated,  much  larger  and  only  loose- 
ly enveloping  achene,  brownish,  smooth,  tap- 
ering to  a  minute,  hyaline  beak. 

Distribution 

General — High  mountains,  from  Washing- 
ton and  southward  to  Utah  and  Colorado. 

Utah — Three  specimens  studied  would  in- 
dicate that  C.  engelmannii  is  an  occasional 
species  in  some  of  the  higher  mountains  of  the 
State.  One  old  collection  in  the  Brigham  Young 
University  herbarium,  collected  from  near  Alta 
(Salt  Lake  County,  Wasatch  Mountains)  in 
1889  was  the  first  evidence  seen  as  to  the  pres- 
ence of  that  species  in  the  state.  Later  in  work- 
ing the  Forest  Service  collection  at  Ogden,  Utah, 
two  more  specimens  were  found;  McDonald 
955  (F.S.  64,684)  filed  in  the  herbarium  under 
the  name  of  C.  pyrenaica  Wahl.  and  McDonald 
1099  (F.S.  68,073).  The  latter  plant  was  one 
of  two  different  species  on  one  sheet  under  the 
name  of  C.  hepburnii.  Specimens  were  collect- 
ed near  the  head  of  Bullion  Canyon,  Tushar 
Plateau,  Piute  County,  Utah  in  1931  and  1932. 

Habitat 

Open  alpine  slopes  and  ridgetops  often 
found  growing  in  nearly  pure  stands. 
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4.  Carex  subnigricans  Stacey,  Leaf  1.  West. 
Bot.  2:166  (1930).  (C.  rachillis  Mag.) 
Brittonia  5:199-200.  (1944).  See  also 
Leafl.  of  West.  Bot.  V:  36-40  (1947). 

Plants  rhyzomatous;  culms  developing  sing- 
ly or  few,  5-20  cm.  high,  obtuse,  smooth,  ex- 
ceeding leaves,  old  leaves  conspicuous  at  base; 
leaves  3-10  cm.  long,  0.25-1.25  mm.  wide, 
blades  involute-fihform;  sheaths  striate  dorsal- 
ly,  hyaline  ventrally  with  callous  spot  generally 
developing  behind  ligule;  spikes  solitary,  an- 
drogynous, ovoid,  8-12  X  3-5  mm.;  pistillate 
scales  reddish-brown  to  straw-colored,  with 
light  centers  and  white-hyaline  margins,  equal 
to  shorter  than  perigynia,  persistent;  perigynia 
2.5-4  X  1-1.5  mm.,  lanceolate  to  ovoid-lanceo- 
late, brownish,  nerveless,  strongly  stipitate, 
beak  minute  with  hyaline  orifice;  rachilla  from 
shorter  to  slightly  exceeding  achene. 

Maguire  originally  assigned  the  Utah  entity 
to  subspecific  status,  viz.  C.  subnigricans  subsp. 
pallida.  Later  he  gave  it  full  specific  rank  under 
the  name  of  C.  rachillis.  According  to  Howell 
(1947),  the  differences  between  Maguire's  and 
Stacey's  plants  are  small.  In  the  former,  the 
callous  spot  back  of  the  ligule  develops  only 
occasionally,  and  the  rachilla  is  often  shorter 
than  the  achene.  Based  on  the  original  descrip- 
tion, the  Utah  plant  is  not  as  leafy  as  Stacey's 
plant  and  the  perigynia  are  smaller  (Utah 
plant  perigynia  2.5-3  nun.  long,  Stacey's  plant 
3.5-4  mm.  long.) 

Distribution 

General — From  the  Sierra  Nevada  range  of 
California  northward  and  westward  to  Oregon, 
Idaho,  and  Utah. 

Utah — Known  only  from  the  Unita  Moun- 
tains. Maguire,  Hobson  and  Maguire  146688. 

Habitat 

In  the  Sierra  Nevada  Mountains.  C.  sub- 
nigricans is  a  rather  common  plant  of  the 
mountain  meadow  and  moist  rocky  slopes  at 
about  timberline,  but  may  extend  into  the  al- 
pine zone.  Data  with  the  Utah  collection  in- 
dicated grassy  ridges  and  slopes  at  about  tim- 
berline. 

5.  Carex  gynocrates  Wormsk.;  Drejer, 
Nat.  Tidssk.  3:434.  1841. 

Plants  with  long  slender  rhyzomes;  culms 
3-30  cm.  high,  slender,  stiff  and  smooth;  leaves 
clustered  near  base,  blades  0.5  mm.  wide,  in- 
volute or  folded;  spike  solitary,  either  dioecious 
or  androgynous,  loosely  flowered,  the  5-10  per- 
igynia at  length  wddely  spreading  or  reflexed; 
scales  light  reddish-brown  or  brownish,  short 
cuspidate  to  acuminate,  shorter  than  perigynia; 
perigynia  biconvex,  2.5-3.5  x  1.5-2  mm.,  yellow- 
ish or  brownish-black  at  maturity,  coriaceous, 


ribbed,    shining,    abruptly    contracted    into    a 
short  beak. 

Distribution 

General — Alaska  to  Greenland  and  south- 
ward to  New  York,  Michigan,  Colorado,  Utah, 
and  Nevada. 

Utah — Only  two  specimens  from  Utah  have 
been  seen,  McMillan's  collection  (No.  1105) 
from  the  Deep  Creek  Mountains  and  Willey's 
301  from  the  Wasatch  Plateau.  A  local  and  rare 
species  in  Utah. 

Habitat 

C.  gynocrates  is  a  species  of  swamps  and 
wet  streambanks,  and  often  associated  with 
willow  thickets.  It  is  a  plant  of  higher  eleva- 
tions in  our  area. 

6.    Carex  pyrenaica  Wahl.,  Sv.  Vet.-Acad. 
Nya  Handl.  24:139.  1803. 

Cespitose  in  rather  large  clumps;  culms 
3-25  cm.  high,  erect,  obtusely  triangular,  gen- 
erally exceeding  leaves;  leaves  2-4  per  cuhn, 
basal,  blades  channeled,  2-10  cm.  long  by  0.25-1 
mm.  wide;  sheaths  persistent,  old  leaves  con- 
spicuous; spikes  solitary,  androgynous,  linear- 
oblong,  5-20  X  3-5  mm.,  staminate  flowers  few 
and  inconspicuous;  pistillate  scales  ovate,  ob- 
tuse, dark-brown  with  narrow  hyaline  margins 
and  lighter  centers,  shorter  to  as  long  as  per- 
igynia; perigynia  jointed  to  rachis  and  deflex- 
ed  at  maturity,  3-5  x  0.8-1.5  mm.,  lanceolate  to 
oblong,  dark-brown  to  straw-colored,  shining, 
glabrous,  stipitate;  beak  about  0.5  mm.  long, 
hyaline  tipped. 

C.  pyrenaica  can  be  separated  from  C.  nig- 
ricans, a  closely  related  species,  in  that  it  is 
more  densely  cespitose  but  generally  wdth  fewer 
and  narrower  leaves  per  culm;  somewhat  nar- 
rower, linear-oblong  spikes;  inconspicuous 
staminate  flowers.  However,  at  times  C.  nig- 
ricans will  also  have  this  latter  characteristic 
or  an  occasional  spike  may  be  found  that  is 
entirely  pistillate. 

Distribution 

General — Our  western  American  form  ex- 
tends south  from  British  Columbia  to  Oregon, 
Utah,  and  Colorado.  The  species  is  also  common 
to  Europe  and  Alaska. 

Utah — Mackenzie  reports  seeing  a  specimen 
of  this  entity  from  Utah,  also  Hayward  (1952) 
listed  it  as  a  plant  of  the  Uinta  Mountains.  The 
author  also  collected  the  species  on  the  Uinta 
Moimtains  in  1956. 

Habitat 

Hayward  lists  this  species  as  a  member  of 
the  alpine  subclimax  community  of  the  Uinta 
Mountains.  Found  also  near  seeps  and  on  al- 
pine slopes. 
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7.  Carex  nigricans  C.  A.  Meyer,  Mem. 
Acad.  St.  Petersb.  Sav.  Eta  1:211.  pi. 
7.  1831. 

A  rather  loosely  cespitose  plant  with  stout 
creeping  rootstocks;  culms  0.3-3  dm.  high,  us- 
ually exceeding  the  leaves;  leaves  4-9  per  culm, 
light  green,  flat  or  channeled,  1.5-3  mm.  wide; 
spikes  solitary,  androgynous,  6-9  mm.  thick, 
the  staminate  flowers  often  conspicuous  (usual- 
ly over  one-half  length);  pistillate  scales  dark- 
brown,  much  shorter  than  perigynia  and  de- 
ciduous; perigynia  jointed  to  the  rachis,  reflex- 
ed  and  breaking  away  at  maturity,  3.5-5  x  1-1.5 
mm.,  brownish,  stipitate  at  base  and  tapering 
into  a  smooth  beak.  (Plate  II,  III.) 

Distribution 

General — Alaska  and  southward  to  Colo- 
rado, Utah,  Nevada,  and  California.  Also  Aleu- 
tian and  Commander  Islands. 

Utah — Limited  collections  available  for 
study  indicate  that  the  species  is  confined  to 
the  northern  part  of  the  State.  Specimens  were 
checked  from  the  Bear  River,  Uinta  and  Was- 
atch Moiuitains. 

Habitat 

This  is  primarily  a  species  of  the  spruce-fir 
zone  meadows.  It  is  sometimes  found,  however, 
in  the  lower  alpine  zone.  Utah  collections  were 
generally  from  the  better  drained  portions  of 
the  meadow  and  often  in  partial  shade. 

8.    Carex   vernacula  L.   H.    Bailey,   Bull. 
Torrey  Club  20:417.  1893. 

Culms  singly  or  in  small  clumps  and  from 
long  creeping  rootstocks,  0.3-2  dm.  high,  ob- 
tusely angled,  clothed  at  base  with  dried-up 
leaves;  leaves  clustered  towards  base,  blades 
flat  or  channeled,  2-4  mm.  wdde;  spikes  num- 
erous, aggregated  and  undistinguishable  into 
an  orbicular  head;  inconspicuous  staminate 
flowers  at  the  top;  scales  dark-brown,  acute, 
largely  concealing  the  perigynia;  perigynia 
flattened-plano-convex,  3.5-4.5  x  1.5  mm., 
brownish  in  age,  sharp-edged,  not  inflated, 
stipitate  at  base  and  contracted  into  a  short 
smooth  beak. 

Maguire  (Brittonia  5:199.  1944.)  has  as- 
signed a  plant  collected  from  the  Bear  River 
Mountains  to  a  variety  of  this  species,  Carex 
vernacula  var.  hobsonii.  This  entity  differs 
from  the  main  form  in  several  important  char- 
acters. It  is  a  much  taller  plant  with  culms  from 
4-5  dm.  high;  leaves  are  confined  to  the  lower 
third  of  the  culms;  the  lower  sheaths  have  un- 
developed blades;  rootstocks  rather  coarse  and 
short  creeping;  scales  light  brown  with  lighter 
centers;  perigynia  conspicuously  nerved  dor- 
sally  and  with  serrate  margins. 

Distribution 

General — This   species  is   confined   to  the 


Rocky  and  Sierra  Nevada  Mountains  of  wes- 
tern United  States. 

Utah — Collections  were  studied  from  the 
Bear  River  and  Uinta  Mountains  and  from  the 
Tushar  Plateau.  This  sedge  was  found  to  be 
abundant  in  meadows  near  Big  Flat  and  Puffer 
Lake,  Tushar  Plateau. 

Habitat 

According  to  Mackenzie,  this  is  a  species 
of  "open  sunny  places,  and  alpine  slopes."  Data 
with  Utah  collections  indicates  a  habitat  in 
meadows  and  moist  sites,  primarily  of  the 
spruce-fir  zone. 

9.  Carex  perglobosa  Mack.,  Bull.  Torrey 
Club  34:606.  1908. 

Plants  loosely  cespitose  from  creeping  root- 
stocks;  culms  6-15  cm.  high  with  dried-up 
leaves  at  base;  leaves  short  and  clustered  at  the 
base,  0.75-1.5  mm.  wide,  flattened  at  base  and 
narrower  above;  spikes  several  in  a  globose 
head,  androgynous;  pistillate  scales  thin  with 
a  hyaline  apex  and  margin;  perigynia  plano- 
convex, 4-4.75  X  1.75-2.5  mm.,  inflated,  sub- 
stipitate  at  base  and  gradually  tapering  into  a 
beak  1/4  to  1/3  the  perigynium  length. 

It  can  be  separated  from  C.  vernacula  by  its 
filiform  leaves,  orbicular  and  silver  hyaline 
margined  scales,  and  inflated  perigynia. 

Distribution 

General — Colorado  Rockies  to  La  Sals. 

Utah — Only  from  the  La  Sal  Mountains  has 
this  plant  been  collected  in  Utah.  There,  it  is 
locally  frequent. 

Habitat 

Rocky  slopes  and  summits  of  high  moun- 
tains. 

10.  Carex  douglasii  Boot,  in  Hook,  Fl.  Bor. 
Am.  2:213,  pi.  214.  1839. 

Culms  arising,  one  or  few  together  from 
long  creeping,  slender  rootstocks,  6-30  cm.  high, 
obtusely  triangular;  Leaves  3-8  to  a  culm  and 
clustered  near  base,  blades  1-2.5  mm.  wide, 
thick,  flattened  or  canaliculate  towards  the 
base;  heads  usually  dioecious,  1.5-5  cm.  long 
and  7-15  nun.  thick,  consisting  of  many  close- 
ly aggregated  spikes;  pistillate  scales  with  wide 
hyaline  margins,  exceeding  the  perigynia  in 
lengths;  perigynia  plano-convex.  3.5-4  mm.  long 
and  1.75  mm.  wide,  stipitate  at  base  and  taper- 
ing or  rather  abruptly  narrowed  into  a  long 
serrulate  beak;  styles  very  long  and  conspicu- 
ous at  flowering  time. 

This  species  is  separated  from  the  other 
members  of  the  section  by  its  large,  usually 
dioecious  heads. 
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Distribution 

General — A  common  species  throughout  the 
western  states  and  the  northern  Great  Plains, 
and  extending  into  southwestern  Canada. 

Utah — Widely  distributed  in  Utah.  Where 
records  were  absent  from  a  few  of  the  physio- 
graphic units,  it  was  felt  that  incomplete  col- 
lecting was  the  cause  rather  than  the  species 
absence  from  those  areas.  Collections  examined 
from  the  Bear  River,  Uinta,  Wasatch  and  Deep 
Creek  Countains  and  from  the  Tavaputs,  Was- 
atch, Aquarius  and  Markagunt  Plateaus. 

Habitat 

The  zonal  range  of  this  species  is  from  the 
intermountain  valleys  to  the  spruce-fir.  It  is 
found  more  commonly,  however,  at  the  lower 
elevations.  It  prefers  dry  meadows  and  may 
even  be  found  in  rather  alkaline  sites.  It  is 
also  quite  characteristically  found  in  lanes  and 
yards  where  disturbance  and  trampling  is  above 
normal. 

Forage  value 

Because  of  its  tough,  fibrous  leaves,  C.  doug- 
lasii  has  a  rather  low  palatability.  As  a  result 
of  its  light  use  by  grazing  livestock,  it  has  a 
tendency  to  increase  where  grazing  pressure  is 
excessive  and  the  more  desirable  forage  plants 
are  weakened  through  grazing. 

11.  Car  ex  eleocharis  L.  H.  Bailey,  Mem. 
Torrey  Club  1:6  1889.  (C.  stenophylla 
Wahl.  subsp.  eleocharis  (L.  H.  Bailey) 
Hulten). 

Plants  low  growdng  (2.5-10  cm.  tall)  with 
the  culms  growing  singly  or  few  together  from 
a  very  slender  rootstock;  leaves  somewhat  in- 
volute above  and  stiff;  spikes  closely  aggregat- 
ed into  a  solitary  head,  staminate  flowers  rather 
conspicuous,  especially  at  flowering  time;  only 
a  few  perigynia  develop  at  the  base  of  each 
spike;  scales  light-brown,  hyaline  margined, 
obtuse,  shorter  to  equalling  perigynia;  perigyn- 
ia 2.5-3.2  X  1.5-2  mm.,  black  at  maturity  and 
coriaceous,  rather  abruptly  short  beaked.  This 
species  is  sometimes  mistaken  for  C.  obtusata  in 
the  field,  the  two  species  being  similar  in  size 
and  growth  habits.  They  are  rather  easily 
separated,  however,  when  the  plants  are  head- 
ed out.  C.  eleocharis  has  more  than  one  spike 
while  C.  obtusata  is  a  unispike  species.  Vegeta- 
tively  they  can  be  separated  by  the  purplish- 
black  rootstock  and  flat  leaves  of  C.  obtusata 
as  compared  with  the  brown  rootstocks  and 
narrowly  involute  leaves  of  C.  eleocharis. 

Distribution 

General— C.  eleocharis  is  primarily  a  plains 
species  and  reaches  its  greatest  development  in 
the  northern  Great  Plains.  From  there  its  range 
extends  westward  to  Nevada  and  eastern  Ore- 
gon. It  is  also  found  in  Alaska  in  prairie  relics 


Utah — This  species  is  rather  widely  dis- 
tributed but  only  moderately  abundant  in 
Utah.  Collections  have  been  checked  from  the 
Uinta,  Wasatch,  La  Sal  and  Abajo  Mountains 
and  from  the  Tavaputs,  Wasatch  and  Fishlake 
Plateaus. 

Habitat 

A  plant  of  rather  dry  sites.  Most  of  Utah's 
collections  came  from  sagebrush-grass  types 
of  midelevations.  Here  this  little  sedge  often 
occupies  the  openings  between  the  sagebrush. 
It  tends  to  replace  the  taller  herbaceous  plants 
that  have  been  eliminated  from  these  inter- 
spaces through  heavy  grazing  use. 

Forage  value 

Limited  observations  would  indicate  that 
this  sedge  has  a  moderate  palatability.  Because 
of  its  small  size,  it  is  a  low  producer  per  unit 
area  but  its  general  occurrence  wdthin  its  type 
gives  it  importance  as  a  forage  plant. 

12.    Carex  simulata  Mack.,  Bull.  Torrey 
Club  34:604.  1908. 

Plants  with  slender,  long  creeping  root- 
stocks;  culms  arising  singly  or  few  together, 
sharply  triangular,  2-5  dm.  high;  leaves  2-5  per 
culm  and  on  the  lower  third,  blades  flat  or 
canaliculate;  spikes  several,  densely  aggregated, 
lower  spike  conspicuously  pistillate,  the  other 
spikes  entirely  staminate  or  with  a  few  per- 
igynia or  in  some  cases  the  entire  head  may  be 
either  mostly  staminate  or  mostly  pistillate; 
scales  brown  with  hyaline  margins,  cuspidate, 
completely  concealing  the  perigynia;  perigynia 
1.75-3  X  1.4-1.6  mm.,  unequally  biconvex, 
chestnut-colored  at  maturity,  shining  and  cor- 
iaceous, abruptly  narrowed  into  a  short,  serru- 
late beak  (about  1/4  length  of  perigynia). 

It  differs  from  C.  praegracilis  mainly  in  its 
smaller  and  abruptly  shortbeaked  perigynia 
and  its  slender,  brown,  creeping  rootstocks. 

Distribution 

General— A  species  of  western  United 
States  which  has  been  collected  from  all  the 
states  of  that  group. 

Utah — The  species  is  widespread  in  Utah 
and  appears  from  records  to  be  rather  frequent 
but  local.  All  specimens  seen  were  from  Ma- 
guire's  collection  at  the  Intermountain  herbar- 
ium. Specimens  examined  were  from  Cache 
Valley,  the  Wasatch  Mountains  and  the  Was- 
atch, Fishlake,  Aquarius  and  Markagunt  Plat- 
eaus. 

Habitat 

A  plant  of  bogs  and  swamps.  Its  zonal  dis- 
tribution is  from  the  intermountain  valleys  up- 
ward to  the  spruce-fir  zone. 
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13.  Car  ex  praegracilis  W.  Boott,  Bot.  Gaz. 

9:87.  1884. 

Rootstocks  long  creeping,  black,  thick;  culnas 
2-7.5  dm.  high,  sharply  triangular,  dried-up 
leaves  at  the  base;  leaves  2-5  per  culm,  blades 
flat  or  channeled,  1.5-3  mm.  wide;  spikes  sev- 
eral, densely  aggregated  into  a  head,  lower 
somewhat  separate,  androgynous,  staminate 
flowers  inconspicuous;  in  ours,  the  heads  may 
sometimes  be  nearly  all  pistillate  or  staminate; 
scales  light-chestnut  with  conspicuous  hyaline 
margin,  concealing  the  perigynia;  perigynia 
plano-convex,  3-4  x  1.4-1,7  mm.,  brownish- 
black  at  maturity,  tapering  into  a  relatively 
long  serrulate  beak  (1/3 — 3/4  length  of  per- 
igynium  body). 

Distribution 

General — Widely  distributed  in  western 
United  States  and  extending  eastward  as  for  as 
Iowa  and  Michigan,  northward  to  the  Yukon 
Valley  and  southward  to  Texas  and  northern 
Mexico. 

Utah — A  common  sedge  throughout  the 
State,  but  especially  in  the  northern  half.  Col- 
lections studied  were  from  the  Uinta,  Bear  Riv- 
er, Wasatch  and  La  Sal  Mountains  and  the  Tav- 
aputs,  Wasatch,  Aquarius  and  Sevier  Plateaus. 
Also  from  the  intermountain  valleys  around 
Utah  Lake,  Bear  River  Valley  and  the  Virgin 
River  Valley. 

Habitat 

Its  habitat  may  be  somewhat  varied  but  it 
is  most  commonly  found  in  damp  bottomlands, 
often  where  conditions  are  alkaline.  In  the 
mountains  it  may  be  found  in  sagebrush-grass 
types,  open  parks  and  rarely  under  aspen.  Its 
zonal  range  in  Utah  is  from  the  southwest  des- 
ert to  the  aspen-fir. 

Forage  value 

As  a  forage  plant,  its  palatability  is  low. 
Limited  observations  would  indicate  that  it  is 
about  equal  to  saltgrass.  It  is,  however,  abund- 
ant in  places  and  furnishes  considerable  winter 
grazing  for  cattle  and  horses. 

14.  Carex  foenea  Willd.,  Enum.  pi.  957. 
1809.  (C.  siccata  Dewey)  see  Rhodora 
40:327-329.  1948. 

Plants  with  long  creeping,  slender  brown 
rootstocks;  culms  1-9  dm.  high,  slender,  arising 
singly  or  few  together;  leaves  4-7  per  culm, 
blades  1-3  mm.  wide,  stiff;  spikes  2-8,  gynae- 
candrous  aggregated  or  lower  ones  separate, 
terminal  generally  larger  with  a  staminate 
base,  middle  spikes  largely  staminate,  lower 
small  and  pistillate;  scales  medivun-brown  with 
silvery-hyaline  margins  and  tan  or  green  cen- 
ters, generally  acute,  shorter  to  as  long  as  per- 
igynia; perigynia  appressed-ascending,  4.5-6  x 
1.75-2  mm.,   narrowly   green-margined,   more 


or  less  nerved,  tapering  into  a  beak  nearly  the 
length  of  the  perigynium  body,  obliquely  cleft 
and  bidentate  with  stigma  and  style  protruding 
from  well  down  the  dorsal  suture.  Sometimes 
confused  with  C.  praegracilis  which  has  not  the 
wing-margined  perigynia  of  this  species  and  has 
stout  blackish  rootstocks  as  compared  with  the 
slender  brown  rootstocks  of  C.  foenea. 

Distribution 

General — Transnorthem  United  States  and 
southern  Canada  and  extending  southward  in 
the  western  mountains  to  Colorado,  New  Mex- 
ico and  Arizona. 

Utah — Generally  distributed  through  the 
mountains  of  central  and  southern  Utah.  Col- 
lections have  been  examined  from  the  Wasatch, 
La  Sal,  Abajo,  and  Pine  Valley  Mountains  and 
from  the  Wasatch,  Aquarius  and  Markagunt 
Plateaus. 

Habitat 

C.  foenea  prefers  rather  dry  sites.  On  the  La 
Sal  and  Abajo  Mountains  it  was  observed  to  be 
growing  principally  in  the  Festuca  thurberi 
community  and  other  open  grasslands.  Its  zon- 
al range  extends  from  the  inteiTnountain  val- 
leys upward  to  the  subalpine  grasslands. 

15.    Carex  vallicola  Dewey,  Am.  Jour.  Sci. 
11.32:40.  1861. 

Plant  cespitose  but  with  short  rootstocks; 
culms  2-6  dm.  high,  slender,  sharply  triangular, 
rough  above;  leaves  about  3  to  a  culm,  blades 
narrow  (1-1.5  mm.),  thin,  basal;  spikes  in  a 
dense  terminal  head,  15-20  mm.  long  and  about 
7  mm.  wide,  staminate  flowers  terminal  and 
inconspicuous,  with  2-5  or  occasionally  more 
perigynia  per  spike;  scales  brownish  with  wide 
hyaline  margins,  acute,  or  some  short  cuspidate, 
shorter  than  the  perigyna;  perigynia  plano- 
convex, 3-4  X  1.6-2.2  mm.,  margined  above, 
green  or  occasionally  with  brown  tinging, 
abn.iptly  narrowed  into  a  minutely  serrulate 
beak,  about  1  /4  the  length  of  perigynium  body, 
obliquely  cleft  and  only  slightly  bidentate.  It 
can  be  separated  from  the  other  Utah  species 
of  the  section  by  its  short,  abrupt,  obliquely 
cleft  and  entire  to  shallowly  bidentate  beak. 

Distribution 

General — From  the  northern  Great  Plains 
southward  and  westward  to  Oregon,  California, 
Mexico,  Nevada,  Utah  and  Coloi-ado. 

Utah — A  frequent  and  widespread  species 
in  the  State.  Collections  have  been  studied  from 
the  Bear  River,  Uinta,  Wasatch,  Sheeprock,  La 
Sal  and  Deep  Creek  Mountains  and  the  Tav- 
aputs,  Wasatch,  Pavant,  Sevier,  and  Aquarius 
Plateaus. 

Habitat 

Ordinarily  this  species  is  associated  wdth 
the  sagebrush-grass  type  of  moderate  elevations. 
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but  may  extend  from  the  foothills  to  the  open 
grassy  slopes  of  the  spruce-fir  zone. 

Forage  value 

Preliminary  studies  indicate  that  C.  valli- 
cola  was  an  important  constituent  of  the  mount- 
ain grasslands  and  sagebrush-grass  communities 
of  our  area.  Owing  to  its  relatively  high  palat- 
ability,  the  species  has  been  adversely  affected 
by  heavy  livestock  grazing.  This  is  indicated  by 
its  scarcity  in  ranges  in  poor  condition  and  its 
common  occurence  in  those  of  fair  or  good 
condition.  In  utilization  studies  on  cattle  range 
this  sedge  is  equal  to  the  better  native  blue- 
grasses  growing  in  the  same  site. 

16.    Carex  hoodii  Boott,  in  Hook.  Fl.  Bor. 
Am.  2:211.  pi.  211.1839. 

Plant  densely  cespitose;  culms  slender, 
sharply  triangular,  2.5-8  dm.  high;  leaves  two 
to  three  per  culm  and  basal,  blades  flat  or 
channeled  at  base,  1.5-3.5  mm.  wide,  spikes  4-8, 
closely  aggregated,  forming  a  dense  head,  an- 
drogynous; scales  chestnut-brown,  with  con- 
spicuous hyaline  margins,  about  as  long  as  per- 
igynia;  perigynia  plano-convex,  3.5-5  x  1.5-2.5 
mm.,  brownish  wth  age,  green  margined,  beak 
1/3  to  1/2  the  body  length,  sharply  bidentate 
and  conspicuously  sutured  on  both  sides. 

It  differs  from  C.  occidentalis  in  its  larger 
and  denser  tufts,  more  closely  aggregated 
spikes,  larger  perigynia  and  beak  with  both 
sutures  conspicuous.  (Plate  II,  III) 

Distribution 

General — Western  North  American  moun- 
tains, extending  south  from  British  Columbia, 
Alberta  and  South  Dakota  to  Colorado,  Utah, 
Nevada  and  California. 

Utah — C.  hoodii  is  a  very  common  species 
throughout  the  mountains  of  north  central 
Utah.  It  appears  to  reach  its  greatest  abundance 
in  the  central  Wasatch  Mountains  but  it  is 
also  an  important  constituent  of  the  herbaceous 
cover  on  the  Bear  River,  and  western  spur  of  the 
Uinta  Mountains  and  the  Wasatch  Plateau. 
The  species  was  found  to  be  locally  abundant 
on  the  west  end  of  the  Tavaputs  Plateau,  the 
Tushar  Plateau  and  the  La  Sal  Mountains.  One 
collection  studied  was  from  the  Raft  River 
Mountains. 

Habitat 

It  is  a  species  that  requires  rather  damp 
sites.  Most  commonly  it  is  found  growing  along 
protected  drainage  bottoms,  in  open  conifer, 
along  north  and  east  edges  of  conifer  and  aspen 
patches  and  in  protected  parks.  Occasionally, 
it  is  associated  with  the  grass  community  on 
open  slopes.  Its  elevational  requirement  lies 
between  the  mountain  brush  and  the  spruce- 
fir  zones. 


Forage  value 

This  sedge  furnishes  considerable  forage  for 
both  cattle  and  horses.  This  is  mainly  due  to  its 
abundance.  Its  relative  palatability  would  be 
about  medium,  probably  a  little  below  that  of 
slender  wheatgrass.  The  plant  is  a  good  soil 
binder  and  lays  down  a  good  litter  cover  ad- 
jacent to  the  plant,  thus  giving  it  a  high  value 
as  a  watershed  plant. 

1 7.    Carex  occidentalis  L.  H.  Bailey,  Mem. 
TorreyClub  1:14.  1889. 

Cespitose,  rootstocks,  short-creeping;  culms 
2-8  dm.  high,  exceeding  leaves,  slender  and 
stiff;  leaves  about  3  per  culm,  blades  1.5-2.5 
mm.  wide;  ligule  longer  than  wide;  spikes  5-10, 
upper  aggregated,  lower  little  separate,  andro- 
gynous, staminate  spike  inconspicuous,  and  con- 
taining 10  or  fewer  spreading  perigynia;  scales 
brownish  with  opaque  margins  and  green  cen- 
ters, acute  to  acuminate,  slightly  shorter  to  as 
long  as  perigynia  and  nearly  concealing  them; 
perigynia  plano-convex,  2.5-4  x  1.25-1.75  mm., 
brownish  in  age,  stipitate  at  base,  nerved, 
abruptly  narrowed  into  a  serrulate,  bidentate 
beak,  sutures  inconspicuous. 

See  description  of  C.  hoodii  for  its  separation 
from  that  species. 

Distribution 

General — Rocky  Mountains  from  Wyoming 
and  Idaho  south  to  Nevada,  Arizona  and  New 
Mexico. 

Utah — Most  of  the  collections  seen  in  Utah 
herbaria  were  from  the  northern  portion  of 
the  State,  particularly  the  Uinta,  the  Wasatch 
and  the  Bear  River  Mountains.  Two  sheets  were 
studied  from  the  Deep  Creek  Mountains  and 
one  each  from  the  Tushar  Plateau  and  the 
south  edge  of  the  Pine  Valley  Mountains. 

Habitat 

This  sedge  is  found  growing  in  somewhat 
varied  habitats.  Collection  data  lists  it  from 
meadows,  well-drained  hillsides,  and  open  tim- 
ber types.  It  is  most  commonly  found  at  mid- 
elevation  zones  but  may  extend  upward  to  the 
spruce-fir  zone  or  it  may  follow  stream  courses 
downward  to  the  intermountain  valleys. 

18.    Carex  cusickii  Mack.,  Piper  and  Beat- 
tie,  Fl.  N.W.  Coast  72.  1915. 

A  rather  large,  coarse,  tufted  sedge,  culms 
7-12  dm.  high  and  4-6  mm.  thick  at  base, 
aphyllopodic,  much  exceeding  the  leaves; 
leaves  3-4  blades  per  culm,  2.5-6  mm.  wide, 
flat;  sheaths  septate-nodulose  dorsally  and  red- 
dotted  and  copper-colored  at  mouth  ventrally; 
heads  decompound  with  upper  spikes  aggregat- 
ed, spikes  4-8,  androgynous  with  inconspicuous 
staminate  flowers  and  from  5-10  spreading 
perigynia;  scales  brown  wdth  hyaline  margins 
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and  light  centers,  acute  to  acuminate,  near  the 
length  of  perigynia;  perigynia  biconvex,  thick, 
3-4  X  1.5  mm.,  coriaceous,  shining,  brownish- 
black  when  mature,  strongly  truncate  at  base, 
abruptly  narrowed  into  a  setulose-serrulate 
beak. 

Distribution 

General — Vancouver,  B.C.  to  Montana  and 
Southward  to  Utah  and  California. 

Utah — This  species  was  reported  from  Utah 
by  Mackenzie.  There  are,  however,  no  speci- 
mens from  Utah  in  the  Utah  herbaria. 

Haritat 

Mackenzie  states  it  is  a  wet  meadow  plant. 
It  is  probably  confined  to  the  lower  elevations 
and  obviously  rare  in  this  State. 

19.  Carex  stipaia  Muhl.,  Willd.   Sp.   PI. 
4:233.  1805. 

A  stout,  densely  cespitose  sedge,  with  weak, 
concave-sided  culms  that  become  flat  on  drying; 
leaf-blades  4-8  mm.  wdde,  flat,  flaccid;  sheaths 
septate-nodulose  dorsally  and  cross-rugulose 
ventrally;  spikes  numerous  forming  a  com- 
pound terminal  head,  staminate  flowers  above 
and  inconspicuous,  each  spike  containing  4-10 
ascending  or  spreading  perigynia;  scales  thin, 
hyaline,  narrow,  from  shorter  to  as  long  as  per- 
igynia; perigynia  lanceolate,  plano-convex, 
3.8-5  X  1.5-2  mm.,  strongly  nerved  on  both  faces 
and  tapering  into  a  long  serrulate  beak.  (Plate 
III) 

Distribution 

General — A  trans-North  American  species 
with  a  range  from  southern  Alaska  to  New- 
foundland and  southward  to  North  Carolina, 
Tennessee,  Indiana,  Kansas,  New  Mexico,  Ari- 
zona and  California. 

Utah — Several  collections  of  this  species 
have  been  made  in  north-central  Utah.  All  are 
from  the  central  valleys  and  mostly  from 
around  the  Great  Salt  Lake. 

Habitat 

In  Utah  it  is  found  in  meadows  and  swamps 
of  the  intermountain  valleys.  It  appears  to  be 
tolerant  of  alkali  soils  because  of  its  occurence 
around  some  of  the  bays  of  the  Great  Salt  Lake. 

20.  Carex   disperma   Dewey,    Am.    Jour. 
Sci.  8:266.  1824. 

Plant  loosely  cespitose  with  long  slender 
rhyzomes;  culms  1.5-6  dm.  high,  slender,  weak, 
nodding;  leaves  3-6  per  culm  and  bunched  on 
the  lower  third,  blades  0.75-2  mm.  wide,  thin 
and  soft;  spikes  2-4,  small,  containing  from  1-6 
ascending  perigynia,  upper  aggregated,  lower 
somewhat  separate,  one  or  two  of  the  spikes 
with   inconspicuous   staminate  flowers   at  the 


tip;  scales  smaller  than  perigynia,  deciduous, 
white-hyaline;  perigynia  unequally  biconvex, 
2-3  X  1-2  mm.,  thick,  greenish,  densely  white 
punctate,  abruptly  short  stipitate  at  the  base, 
abruptly  contracted  into  a  minute  beak. 

This  is  the  only  Utah  sedge  of  this  section 
having  androg3rnous  spikes  and  long  rhyzomes. 

Distribution 

General — Boreal  forest  zone.  Alaska  east- 
ward across  southern  Hudson  Bay  to  Labrador 
and  Newfoundland  and  southward  to  Pennsyl- 
vania, Indiana,  Minnesota,  South  Dakota,  Colo- 
rado, Utah,  and  California. 

Utah — Widely  distributed  in  the  State.  It 
occurs  frequently  on  the  Uinta,  Deep  Creek  and 
La  Sal  Mountains  and  is  found  occasionally  on 
the  Wasatch  Mountains  and  on  the  Tushar  and 
Fishlake  Plateaus. 

Habitat 

Mackenzie  lists  it  as  a  species  of  "boggy 
coniferous  woods."  In  Utah  is  has  been  collected 
from  boggy  meadows  and  damp  woodlands. 
It  appears  to  favor  partial  shade.  Its  zonal 
range  extends  from  the  mountain  brush  to  the 
alpine. 

21.    Carex  praeceptorum  Mack.,  No.  Am. 
Fl.,  pt.  2,  p.  95.  1931. 

Plants  cespitose  in  small  clumps;  culms  low 
growing  (1-1.6  dm.),  sharply  triangular;  leaves 
3-5  per  culm  and  clustered  on  lower  fourth  of 
culm,  blades  1.25-2  mm.  wdde,  erect,  channeled; 
spikes  4-5,  small,  aggregated,  gynaecandrous, 
containing  8-20  ascending  to  loosely  spreading 
perigynia;  scales  light  chestnut  with  hyaline 
margins  and  broad  green  centers,  acute  to  ac- 
uminate, shorter  than  perigynia;  perigynia 
plano-convex,  thick,  1.5-2  x  1  mm.,  yellowish- 
brown  to  green  with  brown  tinging,  nerved, 
densely  white-punctate,  abruptly  contracted  in- 
to a  small  (about  0.33  mm.)  serrulate  beak, 
dorsal  sutural  line  present. 

Distribution 

General — This  species  was  reported  by 
Mackenzie  as  occuring  in  the  mountains  of 
California,  Oregon,  and  Washington.  He  did 
however,  include  C.  canescens  var.  dubia  L.  H. 
Bailey  with  the  synonomy  of  C.  praeceptorum 
with  the  type  from  the  Bear  River  Canyon, 
Utah.  A  recent  collection  of  this  sedge  by  F.  J. 
Hermann  from  Duchesne  County  and  Lewis 
specimen  number  125  from  Wasatch  County 
would  definitely  extend  its  known  range  to  in- 
clude Utah.  It  has  also  been  collected  from  Nev- 
ada. 

Utah — Collections  would  indicate  that  C. 
praeceptorum  is  a  rather  rare  species  of  the 
Uinta  and  possibly  the  Bear  River  Mountains. 
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Habitat 

The  specimens  from  which  collection  data 
are  available  shows  this  species  to  be  a  meadow 
plant.  It  occurred  frequently  in  a  grass-sedge 
meadow  of  the  spruce-fir  zone  at  approximately 
10,000  feet  elevation. 

22.  Carex  bipartita  All.,  Fl.  Ped.  2:265. 
pi.  89,  f.  5.  1785. 

Loosely  cespitose;  culms  0.5-3  dm.  tall, 
sharply  triangular  above,  slender  and  often  cur- 
ving; leaves  clustered  on  lower  fourth  of  culms, 
blades  1-2  mm.  wide,  flat  with  revolute  mar- 
gins; spikes  2-4,  aggregated,  the  lower  slightly 
separate,  gynaecandrous;  scales  dark-brown 
with  lighter  centers  and  wide  white-hyaline 
margins,  obtuse,  as  wide  but  slightly  shorter 
than  perigynia;  perigynia  plano-convex,  2-3.5 
mm.  long,  golden  brown,  veined  on  both  faces, 
tapering  and  substipitate  at  base,  tapering  above 
to  a  conspicuous,  reddish-brown,  hyaline  tip- 
ped beak  0.5-1  mm.  long  (0.8-1  mm.  long  in 
ours). 

Distribution 

General — Arctic  alpine,  from  Alaska  over 
northern  Hudson  Bay  to  Newfoundland  and 
southward  to  British  Columbia  and  Montana. 
Isolated  in  Utah.  Also  Greenland  and  Eurasia. 

Utah — From  Uinta  Mountains.  Maguire 
collected  the  species  in  the  vicinity  of  Gilbert 
Peak. 

Habitat 

Meadows  and  swamps.  Spruce-fir  zone  to 
alpine. 

23.  Carex   brunnescens    (Pers.)    Poir.   in 
Lam.  Encyc.  Suppl.  3:286.  1813. 

Plants  densely  cespitose  in  small  to  med- 
ium sized  clumps;  culms  1-7  dm.  high,  slender 
and  rather  lax;  leaves  1-2.5  mm.  wdde,  flat, 
thin  and  deep-green;  spikes  5-10,  lower  strong- 
ly separate,  terminal  gynaecandrous,  clavate, 
lateral  usually  gynaecandrous;  bracts  setaceous, 
prolonged;  scales  white-hyaline  wdth  green 
centers,  shorter  than  perigynia;  perigynia 
plano-convex,  1.5-2.5  x  1-1.5  mm.,  greenish  or 
brownish,  nerved,  tapering  into  a  short  (0.5 
mm.)  serrulate  beak,  dorsal  suture  conspicuous 
for  the  entire  length  of  the  beak  and  onto  the 
main  body  of  the  perigynia.  Closely  related  to 
C.  canescens.  It  can  be  separated  from  that 
species  in  that  its  perigynium  has  thin,  easily 
broken  walls,  raised  nerves,  longer  beak,  with 
a  conspicuous  dorsal  suture  extending  its  full 
length  and  onto  the  main  body  of  the  perigy- 
nium (Hulten,  Fl.  Alas,  and  Yuk.  1942). 

Distribution 

General — Southern  Alaska  to  northern  Lab- 


rador and  Newfoundland  and  southward  to 
mountains  of  Tennessee  and  North  Carolina 
to  Georgia,  Ohio,  Wisconsin,  Minnesota,  Colo- 
rado, Utah,  and  Oregon.  Also  Greenland  and 
Eurasia. 

Utah — Confined  mostly  to  the  Uinta 
Mountains  where  it  occurs  rather  frequently. 
One  collection  from  the  Tushar  Plateau  was 
studied. 

Habitat 

Bogs  and  wet  meadows  of  the  spruce-fir 
and  alpine  zones. 

24.  Carex  canescens  L.,  Sp.  PI.  974.  1753. 

Plants  densely  cespitose;  culms  1-8  dm. 
high,  erect;  leaves  5-8  per  culm,  blades  2-4  mm. 
wide,  flat,  glaucous-green;  spikes  4-8,  upper 
approximate  the  lower  separate,  heads  erect  or 
flexuose;  bracts  cuspidate;  scales  hyaline  with 
green  centers,  ovate,  acute,  shorter  than  peri- 
gynia; perigynia  piano  convex,  1.8-3  x  1.25-1.75 
mm.  green,  thick,  nerves  usually  obscure,  con- 
tracted into  an  inconspicuous  beak  (shorter 
than  0.5  mm.),  dorsal  suture  inconspicuous 
or  obsolete.  {See  C.  brunnescens.)   (Plate  III) 

This  sedge  is  highly  variable  and  is  repre- 
sented by  several  forms  in  North  America. 

Distribution 

General — Alaska  to  southern  Hudson  Bay 
and  northern  Labrador  and  Newfoundland  and 
southward  to  Virginia,  Indiana,  Minnesota, 
Colorado,  Arizona,  Nevada,  and  California.  Al- 
so, Greenland,  Eurasia,  South  America,  Falk- 
land Islands,  and  Australia. 

Utah — An  occasional  species  through  its 
range  in  the  state.  Collections  studied  from  the 
Uinta,  Wasatch,  and  La  Sal  Mountains. 

Habitat 

Wet  sites  along  streams,  lake  edges  and 
meadows  of  the  spruce-fir  zone. 

Forage  value 

In  none  of  the  areas  studied  has  this  plant 
been  found  in  sufficient  quantities  to  be  im- 
portant as  a  forage  plant;  however,  its  relative 
palatability  appears  to  be  high.  In  areas  where 
cattle  are  grazing  it  is  difficult  to  find  a  plant 
that  has  not  been  grazed. 

25.  Carex  interior  L.  H.  Bailey,  Bull.  Tor- 
rey  Club  20:426.  1893. 

Plants  densely  cespitose;  culms  1.5-5  dm. 
high,  slender  and  wiry,  aphyllopodic;  leaves 
about  3  per  fertile  culm  and  on  lower  third, 
blades  1-3  mm.  wide,  thin  flat,  soft,  yellowish 
green;  sheaths  tight  and  hyaline  ventrally; 
spikes  2-4,  generally  forming  a  strict  terminal 
head  terminal  spike  peduncled,  usually  gynae- 
candrous, occasionally  staminate;  lateral  spikes 
usually  entirely  pistillate,  containing  from  1-10 
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perigynia  which  are  spreading  at  maturity; 
scales  very  obtuse,  as  wide  but  only  half 
as  long  as  perigynia;  perigynia  concavo-con- 
vex, 2.25-3.25  X  1.25-2  mm.,  thick,  body  widen- 
ing just  above  base,  rather  abruptly  contracted 
into  a  beak  1/4  to  1/3  the  length  of  the  body, 
ventral  false  sutui-e  inconspicuous. 

This  species  closely  resembles  C.  angustior 
but  can  be  separated  by  its  shorter,  shallowly 
bidentate  perigynium  beak  and  inconspicuous 
ventral  false  suture. 

Distribution 

General — Trans-United  States  and  southern 
Canada,  extending  southward  to  Pennsylvania, 
Indiana,  Michigan,  Kansas,  New  Mexico,  Ari- 
zona and  northern  Mexico. 

Utah — C.  interior  has  been  collected  in  both 
the  northern  and  southern  parts  of  the  State. 
Specimens  studied  were  from  the  Bear  River, 
Wasatch  and  Uinta  Mountains  and  from  the 
Markagunt  and  Paunsagunt  Plateaus.  It  was 
listed  as  frequent  to  abundant  on  the  plateaus. 
Its  zonal  distribution  is  from  the  intermountain 
valleys  to  the  spruce-fir. 

Habitat 

This  plant  grows  in  very  wet  sites,  usually 
in  the  wetter  parts  of  a  meadow  or  in  bogs.  Ac- 
cording to  Mackenzie,  it  prefers  calcium  or 
non-acid  sites. 

26.    Carex  angustior  Mack.,  in  Rydb.   F. 
Rocky  Mts.  124.  1917. 

Plants  densely  cespitose;  culms  1-6  dm. 
high,  very  slender,  aphyllopodic;  leaves  2-4  per 
cuhn,  blades  0.75-2  mm.,  flat  or  canaliculate; 
sheaths  hyaline  and  more  or  less  red-dotted 
ventrally;  spikes  3-5,  approximate  to  little  sep- 
arate, terminal  spike  gynaecandrous,  the  lat- 
eral pistillate,  containing  5-15  widely  spreading 
perigynia;  scales  yellowish  with  green  centers, 
ovate,  short  cuspidate,  equal  to  perigynia  in 
length;  perigynia  plano-convex,  2.5-3.5  x  1.25 
mm.,  light  brown,  sharp-edged,  tapering  into 
a  sharply  bidentate  beak  from  one-half  to  equal 
the  length  of  the  perigynium  body;  beak  con- 
spicuously sutured  on  both  sides  (See  C.  inter- 
ior.) 

Distribution 

General  —  Trans  -  North  America  from 
Washington  to  Newfoundland  and  southward 
in  the  eastern  U.S.  to  mountains  of  North  Car- 
olina and  in  the  West  to  Colorado,  Utah,  Nev- 
ada, and  central  California. 

Utah — The  only  specimens  seen  from  Utah 
were  collected  from  the  Uinta  Mountains  and 
the  Wasatch  Plateau.  Specimens  checked  were 
from  the  spruce-fir  zone  between  9,000  and 
10,000  feet  elevation. 


Habitat 

Very  wet  meadows  and  bogs. 

27.  Carex   deweyana    Schw.,    Ann.    Lye. 
N.Y.,  1:65.  1824. 

Plants  densely  cespitose;  culms  slender, 
weak  and  generally  spreading,  2-12  dm.  high, 
old  leaves  conspicuous  at  base;  leaves  3-6  per 
culm,  blades  thin,  flat,  2-5  mm.  wide,  light- 
green;  sheaths  tight;  spikes  3-4,  upper  approx- 
imate, gynaecandrous  with  staminate  flowers 
often  somewhat  separate,  lower  spikes  widely 
separate  and  usually  pistillate;  scales  very  thin, 
whitish-hyaline  with  green  centers,  nearly  size 
of  perigynia;  perigynia  4.5-5.5  x  1.5-2  mm., 
plano-convex,  nerveless  ventrally,  obscurely 
nerved  dorsally,  strongly  spongy  at  base,  taper- 
ing above  into  a  long  (about  2  mm.)  serrulate 
beak,  shallowly  bidentate  at  apex,  dorsal  suture 
conspicuous  with  a  hyaline  margin. 

C.  deyeyana  differs  from  C.  bolanderi  in  its 
shorter  more  basal  leaves,  tight  sheaths  and 
shorter  perigynium  beak. 

Distribution 

General — A  boreal  forest  species,  from  up- 
per Yukon  River  to  the  Great  Lakes,  southern 
Labrador  and  western  Newfoundland,  south- 
ward to  Pennsylvania,  Michigan,  Iowa,  South 
Dakota,  Colorado,  and  Utah. 

Utah — Two  collections  from  the  State  have 
been  studied,  Maguire  21871  and  Jones  1218. 
The  Deep  Creek  and  Wasatch  Mountains  were 
the  only  physiographic  units  represented.  Col- 
lection data  indicates  that  it  is  frequent  on  the 
Deep  Creek  Mountains. 

Habitat 

Mackenzie  lists  it  as  a  species  of  dry  wood- 
lands. Utah  collections  were  from  moist  soils 
and  streamsides,  of  mid-elevation  zones. 

28.  Carex    bolanderi    Olney,    Proc.    Am. 
Acad.  7:393.  1868. 

Plants  cespitose;  culms  slender  but  erect, 
1.5-9  dm.  high,  sharply  triangular  with  con- 
cave sides,  old  leaves  conspicuous;  leaves  2-5 
per  culm,  1-5  mm.  wide,  light  or  yellowish- 
green;  sheaths  loose;  spikes  5-8,  sessile,  upper 
aggregated,  lower  more  or  less  separate,  stam- 
inate flowers  basal  and  inconspicuous;  scales 
brownish  with  green  centers  and  hyaline  mar- 
gins, as  wide  but  shorter  than  perigynia;  per- 
igynia 4-4.5  X  1-1.3  mm.,  plano-convex,  strong- 
ly nerved,  stipitate  and  spongy  at  base,  rather 
abruptly  tapering  at  apex  into  a  conspicuous 
beak;  beak  serrulate,  deeply  bidentate,  dorsal 
suture  with  light-brown  margin. 

Distribution 

General — A    species    of   the   mountains    of 
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western  North  America.  Mackenzie  gives  its 
range  as  extending  from  British  Columbia  and 
western  Montana,  southward  to  New  Mexico 
and  southern  Cahfornia. 

Utah — No  specimens  from  Utah  were  avail- 
able for  study.  Mackenzie  lists  it  as  occurring 
in  the  State. 

Habitat 

Open  woodlands. 

29.  Carex    pachystachya    Cham.,    Steud. 
Syn.  Cyp.  197.  1855. 

(C.  macloviana  D'Urville  subsp.  pach- 
ystachya (Cham.)  Hulten) 

Plants  very  densely  cespitose;  culms  slen- 
der, 3-10  dm.  high,  sharply  triangular  above, 
nearly  smooth;  leaves  3-5  per  fertile  culm, 
blades  flat,  2-4  mm.  wide,  deep-green;  spikes 
4-12,  closely  aggregated,  gynaecandrous  with 
staminate  flowers  inconspicuous,  containing 
10-30,  conspicuous,  ascending  perigynia;  lower 
bract  scale-like  or  short-a%vned;  scales  chestnut 
or  blackish,  acute,  usually  with  a  broad  light 
midvein,  about  the  width  but  shorter  than  per- 
igynia; perigynia  plano-convex,  3.5-5  x  1.5-2.25 
mm.,  rather  thick,  copper-colored  at  maturity, 
narrow  wing-margined,  nerved  dorsally,  beak 
half  the  body  length. 

Distribution 

General — Alaska  and  southward  down  the 
western  mountain  chains  to  California,  Utah, 
and  Colorado.  Isolated  stations  in  eastern  Que- 
bec, Labrador,  and  Greenland.  Also  in  Mexico, 
South  America,  and  Falkland  Islands. 

Utah — A  Utah  specimen  from  the  Wasatch 
Mountains  has  been  checked  (Cottam  1403, 
identified  by  Stacey). 

Habitat 

From  stream  edges  to  xeric  hillsides.  Utah 
collection  from  near  10,000  feet  elevation. 

30.  Carex  festivella  Mack.,  Bull.   Torrey 
Club  42:609.  1915. 

Plants  cespitose;  culms  slender  and  stiff 
above,  3-10  dm.  high,  aphyllopodic;  leaves  3-5 
per  culm  and  on  lower  fourth,  flat,  2-6  mm. 
wide;  spikes  5-20,  densely  aggregated  into  an 
ovoid  head,  gynaecandrous,  containing  15-30 
appressed-ascending  perigynia;  lowest  bract 
generally  prolonged  but  usually  shorter  than 
head;  scales  dark-chestnut  or  brown,  shining, 
narrower  and  shorter  than  perigynia;  perigynia 
thin  and  nearly  flat  to  somewhat  plano-convex, 
3.65-4.75  (5)  x  1.5-2  mm.,  ratio  of  width  to 
length  0.39  to  0.5,  light  colored  with  dark  beaks, 
strongly  wing-margined  at  base  and  serrulate 
to  middle,  tapering  into  a  long,  nearly  terete, 
bidentate  beat.  (Plate  II) 


This  species  is  very  closely  related  to  C. 
rnicroptera.  Mackenzie  separates  them  primar- 
ily by  the  darker,  more  shining  scales  and  the 
broad  wings  of  perigynia  in  C.  festivella. 

Our  representatives  of  the  two  entities  tend 
to  grade  into  one  another  and  are  very  hard  to 
distinguish.  In  order  to  be  consistent  in  identi- 
fication, measurements  below  0.25  mm.  were 
considered  as  narrow,  winged,  0.26-0.49  mm. 
medium  winged,  0.5  mm.  and  over,  wide  wing- 
ed. (Measurements  were  made  from  near  the 
base  of  the  achene.)  Most  of  our  C.  festivella 
wing  measurements  fell  in  the  medium  class 
with  a  few  considered  as  wide. 

Distribution 

General — Primarily  a  species  of  the  Rocky 
Mountains  and  Sierra-Cascade  systems.  It  ex- 
tends east,  however,  to  Manitoba  and  the  Black 
Hills  of  South  Dakota  and  southward  to  north- 
em  Mexico. 

Utah — A  widely  distributed  and  common 
species  throughout  the  mountains  and  plateaus 
of  Utah.  Collections  were  studied  from  all 
tmits  except  the  Stansbury  Mountains  and  the 
Pavant  Plateau. 

Habitat 

Principally  a  plant  of  meadows  and  damp 
hillsides  of  mid-elevations.  It  may,  however, 
extend  as  low  as  the  mountain  brush  zone  or 
upwards  to  the  spruce-fir.  It  is  often  common 
along  stream  courses. 

Forage  value 

As  a  forage  plant  it  is  medium  in  palatabil- 
ity  for  cattle  and  horses  and  low  for  sheep.  It 
is  not  eaten  quite  as  readily  as  slender  wheat- 
grass.  In  its  habitat  it  is  an  important  constit- 
uent of  range  in  good  condition. 

31.    Carex  rnicroptera  Mack.,  Muhlenber- 
gia  5:56.  1909. 

Plants  very  densely  cespitose;  cuhns  slend- 
er but  strict,  3-10  dm.  high,  exceeding  the 
leaves;  leaves  3-5  per  fertile  culm,  growing  on 
lower  third  of  culm,  flat,  firm,  2-4.5  mm.  wide; 
spikes  5-10,  aggregated  into  an  ovoid  head, 
gynaecandrous,  with  15-30  spreading-ascending 
perigynia;  lowest  bract  short-awned;  scales 
light  to  dark-brown,  shorter  and  narrower  than 
perigynia;  perigynia  flattened  to  somewhat 
plano-convex,  lanceolate,  3.6-4.8  x  1-1.8  mm., 
ratio  of  wddth  to  length  0.34  to  0.4,  narrowly 
wing-margined  (0.25  mm.  or  less),  light-color- 
ed, serrulate,  lightly  to  rather  conspicuously 
nerved,  tapering  at  apex  into  a  beak  one-half 
to  one-third  the  body  length;  beak  dark,  near- 
ly terete,  bidentate.  (Plate  III) 

In  his  original  description  of  Carex  festivel- 
la, Mackenzie  stated  "The  closely  allied  C.  mic- 
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roptera  Mack,  has  narrower  perigynia  which 
are  very  narrowly  margined  at  base  and  have 
more  spreading  beaks  giving  the  head  an  echi- 
nate  appearance  .  .  .  ." 

Distribution 

General — Rocky  Mountain  and  Sierra-Cas- 
cade systems  from  British  Columbia  and  Alber- 
ta southward  to  Arizona  and  New  Mexico. 

Utah — This  sedge  is  also  common  on  the 
Utah  mountains  and  high  plateaus.  Collections 
indicate  that  the  species  is  particularly  abun- 
dant through  the  Wasatch,  Bear  River,  western 
Uinta  Mountains  and  the  Wasatch  Plateau. 
Limited  collections  were  available  from  the 
Aquarius  Plateau  and  the  La  Sal,  Abajo,  Sheep 
Rock,  and  Pine  Valley  Mountains. 

Habitat 

Primarily  a  species  of  meadows  and  along 
stream  courses  from  the  mountain  brush  up- 
ward to  the  spruce-fir  zone.  Occasionally  it  may 
be  found  growing  in  drier  sites  such  as  the 
sagebrush-grass  community. 

Forage  value 

Observations  indicate  that  this  species  is 
comparable  as  a  forage  plant  to  C.  festivella. 

32.    Car  ex    ehenea    Rydb.,    Bull.    Torrey 
Club  28:266.  1901. 

Plants  cespitose;  culms  1.5-6  dm.  high,  ex- 
ceeding the  leaves,  rather  thick  at  base,  erect 
aphyllopodic;  leaves  3-5  per  fertile  culm,  basal, 
blades  flat,  firm,  2-4  mm.  wide;  spikes  5-10, 
forming  a  dense  head,  each  rather  pointed  at 
apex,  staminate  flowers  at  base  and  rather  in- 
conspicuous; lower  bract  shorter  than  head; 
scales  brownish-black  or  black,  as  wide  as  but 
shorter  than  perigynia;  perigynia  somewhat 
flattened,  narrowly  lanceolate,  5-6.5  (7)  x  1-2.3 
mm.,  ratio  of  width  to  length  0.26-0.36,  dark- 
colored,  narrowly  wing-margined  at  base,  fine- 
ly nerved,  substipitate,  narrowed  above  into  a 
slender  beak  with  shallow  bidentate  tip. 

Separated  from  C.  haydeniana  by  its  gen- 
erally narrow  (0.25  mm.  or  less)  wing-margin 
of  perig5mium  and  gradually  narrowing,  long, 
slender  beak. 

Distribution 

General — A  sedge  of  the  middle  and  south- 
em  Rocky  Mountains,  from  Montana,  Wyo- 
ming, and  Utah  southward  to  New  Mexico  and 
Arizona. 

Utah — Found  most  commonly  on  the  Uinta 
and  La  Sal  Mountains  where  it  may  be  locally 
abundant.  Limited  collections  have  been  made 
from  the  Abajo  Mountains  and  Tushar  Plateau. 


Habitat 

C.  ehenea  appears  to  be  quite  varied  i 


in  its 


moisture  requirements  and  may  be  found 
growing  anywhere  from  the  mountain  meadows 
to  the  alpine  ridgetop.  It  appears,  however,  to 
prefer  the  moister  sites.  A  species  of  the 
spruce-fir  to  the  alpine  zones.  In  the  Uinta 
Mountains  it  is  often  found  growing  in  open 
spruce  stands. 

33.  Carex  haydeniana  Olney,  in  S.  Wats. 
Bot.  King's  Sxpl.  366.  1871.  C.  nubi- 
cola  Mack.) 

Plants  very  densely  cespitose;  culms  1-4 
dm.  high,  erect  to  decumbent,  sharply  triangu- 
lar above,  generally  smooth,  leaves  3-5  per 
fertile  culm,  basal,  blades  flat,  firm,  1.5-4  mm. 
wide;  spikes  4-7,  densely  aggregated  but  dis- 
tinguishable into  an  ovoid  or  globose  head, 
gynaecandrous,  with  15-35  ascending  perigyn- 
ia; bracts  scale-like  or  short-prolonged;  scales 
black  or  brownish-black,  ovate,  acute,  shorter 
and  narrower  than  perigynia;  perigynia  flat, 
thin,  4-5  (6)  x  1.75-3  mm.,  ratio  of  width  to 
length  0.39  to  0.57,  blackish  or  brownish-tinged, 
strongly  winged,  doubly  serrulate,  abruptly 
contracted  into  a  conspicuous,  bidentate  beak. 
(See  C.  ebenea.) 

Distribution 

General — Canadian  Rockies  and  southward 
to  New  Mexico,  Arizona,  Nevada,  and  Califor- 
nia. 

Utah — Frequent  through  most  of  the  moun- 
tains and  higher  plateaus.  Collection  sheets 
were  studied  from  the  Uinta,  Wasatch,  La  Sal, 
Henry,  and  Deep  Creek  Mountains  and  from 
the  Wasatch,  Tushar,  and  Aquarius  Plateaus. 

Habitat 

This  is  primarily  a  species  of  alpine  and 
subalpine  slopes  and  ridges.  Occasionally  it 
may  be  found  growing  along  stream  courses. 
Hayward,  1952,  stated  that  this  is  one  of  the 
common  sedges  of  the  late  rock-covering  stages 
and  xeric  sub-climax  of  the  Uinta  Mountains. 

34.  Carex  illota  L.  H.  Bailey,  Mem.  Tor- 
rey Club  1:15.  1889. 

Plants  cespitose  from  short-creeping  root- 
stocks;  1-3.5  dm.  high,  slender,  stiff;  leaves  2-5 
per  culm,  basal,  blades  flat  or  canaliculate,  1-3 
mm.  wide,  rather  stiff;  spikes  3-6,  forming  a 
small  suborbicular  head,  gynaecandrous;  scales 
blackish  with  lighter  center,  wider  to  about 
length  of  perigynia;  perigynia  thick,  plano-con- 
vex, 2.5-3.3  x  1.2-1.4  mm.,  edges  not  serrulate, 
dark  tinged,  strongly  nerved,  substipitate  at 
base,  tapering  above  into  a  rather  short,  smooth 
beak. 

This  species  does  not  appear  to  be  closely 
related  to  other  members  of  the  section.  It  can 
be  separated  from  them  by  its  small,  black  head 
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and  lack  of  serrations  on  the  perigyniiun  beak. 

Distribution 

General — British  Columbia  and  south  to 
Colorado,  Utah,  Nevada,  and  California. 

Utah — Confined  to  the  Uinta  Mountains. 

Habitat 

Observations  and  collection  data  indicate 
that  C.  illota  grows  primarily  in  meadows  of 
the  spruce-fir  zone.  It  is  often  one  of  the  more 
important  constituents  of  the  wet  meadow 
community. 

Forage  value 

Moderately  palatable  to  both  sheep  and  cat- 
tle. In  meadows  near  the  head  of  the  White- 
rocks  River  where  observations  were  made,  it 
was  eaten  along  with  other  meadow  plants  and 
appeared  to  be  equally  palatable  to  the  major- 
ity of  them.  Its  relative  abundance  plus  its  pal- 
atability  would  make  it  an  important  forage 
plant  of  the  Uinta  Mountains. 

35.    Carex  subfusca  W.  Boott,  in  S.  Wats. 
Bot.  Calif.  2:234.  1880. 

Plants  very  densely  cespitose;  culms  1:5-6.5 
dm.  high,  slender,  stiff,  sharply  triangular, 
smooth,  leaves  basal,  3-5  per  fertile  culm, 
blades  flat,  light-green,  1.5-4  mm.  wide;  spikes 
4-12,  definite  and  clustered,  gynaecandrous, 
with  8-24  closely  appressed  perigynia,  lower 
bract  usually  shorter  than  head;  scales  reddish- 
brown,  nearly  as  long  and  as  wide  as  perigynia, 
acute;  perigynia  plano-convex,  3-3.5  x  1-1.5 
mm.,  light-colored  to  occasionally  dark  brown, 
venation  conspicuous  dorsally,  wing-margined 
to  base  and  serrulate,  abruptly  contracted  into 
a  beak;  beak  about  1  mm.  long,  reflexed  (in 
ours),  light  or  dark  browai,  shallowly  bidentate, 
dorsal  suture  full  length  of  beak  and  with  a 
hyaline  edge. 

Distribution 

General — From  Oregon  to  southern  Calif- 
ornia and  eastward  to  Arizona,  Colorado,  and 
Idaho. 

Utah — One  collection,  Lewis  216,  from  the 
Thousand  Lake  Mountain  in  Wayne  County. 

Habitat 

The  Utah  specimen  was  from  a  dry  meadow 
bordering  the  north  edge  of  an  aspen  strip, 
spruce-fir  zone  at  near  10,000  feet  elevation. 

Forage  value 

Carex  subfusca  appears  to  be  equal  to  C. 
festivella  in  palatibility.  The  specimen  collect- 
ed was  from  a  temporary  fenced  plot.  All  herb- 
aceous plants  outside  the  plot  had  been  com- 
pletely consumed  by  cattle. 


36.  Carex  phaeocephala  Piper,  Contr.  U. 
S.Nat.  Herb.  11:172.  1906. 

Plants  very  densely  cespitose  and  forming 
large  clumps;  culms  1-3  dm.  high,  slender,  stiff 
and  rough  above;  leaves  3-6  per  fertile  culm, 
clustered  near  base,  blades  canaliculate  or  near- 
ly involute,  1.5-2  mm.  wide;  spikes  2-7,  aggre- 
gated into  a  head,  gynaecandrous;  containing 
10-20  appressed-ascending  perigynia;  lower 
bract  short;  scales  brownish-black  to  reddish- 
brown  with  lighter  centers  and  from  narrow 
to  wide  hyaline  margins,  as  long  and  as  wide 
as  perigynia  and  concealing  them;  perigynia 
concavo-convex,  4-5  (6)  x  1.2-2  (2.5)  mm.,  con- 
spicuously wing-margined  from  top  of  achene 
to  narrowed  beak,  nerved  dorsally,  abruptly 
contracted  into  a  dark  beak,  0.4-0.8  mm.  long 
and  conspicuously  hyaline  tipped. 

Distribution 

General — Mountains  of  western  North  Am- 
erica from  British  Columbia  southward  to  Colo- 
rado, Utah,  Nevada  and  California. 

Utah — This  species  has  wdde  distribution 
through  the  mountains  and  high  plateaus  of 
Utah.  Collections  have  been  checked  from  the 
Bear  River,  Uinta,  Wasatch,  La  Sal,  and  Deep 
Creek  Mountains  and  from  the  Fishlake,  Tu- 
shar,  Markagunt,  and  Aquarius  Plateaus.  It  is 
a  particularly  abundant  species  in  the  high  Uin- 
ta and  La  Sal  Mountains. 

Habitat 

This  species  is  found  growing  on  open, 
rocky  hillsides,  on  soil  patches  of  talus  slopes, 
or  open  grasslands.  It  prefers  timberline  or  a 
little  above.  It  appears  to  be  one  of  the  early 
invaders  of  talus.  It  is  of  interest  to  note  that 
the  species  is  an  important  constituent  of  the 
the  Festuca  thurberi  grassland  community  of 
the  La  Sal  Mountains. 

Forage  value 

Low  in  palatability.  In  no  instance  where 
observations  were  made  did  this  species  show 
anything  but  very  light  use. 

37.  Carex  leporinella  Mack.,  Bull.  Torrey 
Club  43:605.  1917. 

Plants  densely  cespitose  in  large  clumps; 
culms  1-3  dm.  high,  stiff,  sharply  triangular, 
smooth;  leaves  3-5  to  culm,  basal,  blades  flat 
or  involute,  0.75-1.5  mm.  wide;  spikes  3-8, 
aggregated  but  distinct,  forming  a  stiff,  erect, 
gynaecandrous  head,  containing  8-20  closely 
appressed  perigynia;  scales  reddish-brown  with 
conspicuous  white-hyaline  margins,  concealing 
the  perigynia;  perigynia  plano-convex,  3.5-4  x 
1  mm.,  very  narrow  wdng-margined;  beak 
about  one-fourth  the  length  of  perigynia,  light- 
colored,  white-hyaline  at  apex. 
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It  can  be  separated  from  its  near  relative,  C. 
phaeocephala  by  its  smaller  and  much  narrow- 
er perigynia,  narrower  leaves  and  smooth 
culms. 

Distribution 

General — Mackenzie  only  knew  this  species 
from  the  mountains  of  California  to  Washing- 
ton. Recent  collections  have  extended  its  range 
to  Nevada,  northern  Utah  and  Colorado. 

Utah — Known  in  Utah  by  Lewis  122,  col- 
lected from  head  of  Provo  River  in  the  western 
spur  of  the  Uinta  Moiintains,  Wasatch  County. 

Habitat 

Mackenzie  assigned  this  species  to  high 
mountain  summits.  The  Utah  plant  was  from  a 
grass-sedge  meadow  {Deschampsia  caespitosa 
and  associates)  of  the  spruce-fir  zone  at  9,300 
feet  elevation. 

38.  Carex  praticola  Rydb.,  Mem.   N.  Y. 
Bot.  Card.  1:84.  1900. 

Plants  cespitose  in  small  clumps;  culms  2-7 
dm.  high,  sharply  triangular,  erect  or  nodding; 
leaves  2-4  per  culm,  near  base,  blades  flat,  1-4 
mm.  wide;  spikes  2-7,  forming  approximate  or 
moniliform,  flexuous  heads,  gynaecandrous; 
lowest  bract  scale-like  or  short-cuspidate;  scales 
greenish  to  dvill-reddish-brown  with  conspicuous 
white-hyaline  margins,  concealing  the  perigyn- 
ia; perigynia  plano-convex,  4-6.5  x  1.5-2.5  mm., 
light-colored  wing-margined  at  base,  tapering 
at  apex  into  a  long  serrulate,  obliquely  cleft 
beak,  hyaline  apex. 

Distribution 

General — Trans-North  America  from  Alas- 
ka to  Greenland  and  Newfoundland,  southward 
to  northern  United  States  in  the  east  and  down 
the  western  mountain  chains  to  Colorado,  Utah, 
Nevada,  and  California. 

Utah — One  collection  record  known  from 
the  State,  Hermann  5096  from  the  Chain  Lake 
basin  of  the  Uinta  Mountains. 

Habitat 

Femald  lists  this  as  a  species  of  open  woods, 
meadows,  praires  and  clearings.  Its  name  de- 
notes "prairie  dweller".  The  Hermann  speci- 
men was  collected  from  a  "dry,  rocky,  lake 
shore,"  at  11,200  feet  elevation.  (See  Graham's 
Fl.  of  Uintah  Basin  1932). 

39.  Carex    eastivoodiana    Stacey,     Leafl. 
West.  Bot.  2:122.  1938. 

Plants  densely  cespitose;  culms  2-4  dm. 
high,  rather  stout,  stiff,  obtusely  triangular 
above;  leaves  3-6  per  fertile  culm,  near  base; 
blades  flat  or  canaliculate,  1.5-4  mm.  wide; 
spikes  2-5,  aggregated  into  an  erect  head,  the 


lower  often  separate;  lower  bracts  shorter  than 
head;  scales  reddish-brown  with  lighter  centers 
and  white-hyaline  margins,  nearly  concealing 
perigynia ;  perigynia  concavo-convex,  5-6  x  1 .  75 
-2.25  mm.,  reddish-brown  at  maturity,  margins 
green-winged,  serrulate,  spongy  base,  tapering 
into  a  long  (2  mm.)  beak,  reddish-brown  with 
hyaline  apex. 

C.  eastwoodiana  is  very  closely  related  to  C. 
petasata  and  is  considered  by  some  taxonomists 
as  a  form  of  this  species.  It  is  separated  from 
that  species  it  is  generally  lower  growing,  culms 
are  rather  stout  at  their  base  and  obtusely  tri- 
angular above,  perigynia  are  usually  smaller. 

Distribution 

General— Stacey  gives  its  range  as  Montana, 
Idaho,  Oregon,  Wyoming  and  Utah. 

Utah — Stacey  observed  speciments  collect- 
ed from  the  Wasatch,  La  Sal  and  Henry  Moun- 
tains. 

Habitat 

From  meadows  to  sagebrush-grass  commun- 
ities. It  appears  to  be  most  common  at  our  mid- 
elevations. 

40.    Carex  petasata  Dewey,  Am.  Jour.  Sci. 
29:246,  pi.  W.f.  72.  1836. 

Plants  cespitose  with  a  short  rootstock; 
culms  3-8  dm.  high,  slender  at  base,  sharply 
triangular  above;  leaves  2-5  per  fertile  culm, 
flat,  fimi,  2-3  mm.  wde;  spikes  3-6,  aggregated 
into  an  erect  head,  gynaecandrous,  staminate 
flowers  inconspicuous;  lower  bract  scale-like 
or  short  prolonged;  scales  acute,  light-reddish- 
brown  with  lighter  midvein  and  broad  silvery- 
white  hyaline  margins,  largely  concealing  the 
perigjTiia;  perigynia  plano-convex,  5.8-8  x  1.6- 
2.25  mm.,  yellowish-brown  at  maturity,  nar- 
row wing-margined,  tapering  into  a  long  beak, 
hyaline  tipped. 

Distribution 

General — This  is  a  Rocky  Moimtain  species. 
Reported  from  Yakutat  Bay,  Alaska,  by  Holm. 
From  there  it  extends  southward  to  British  Col- 
umbia and  Saskatchewan  and  to  Colorado,  Nev- 
ada and  eastern  Oregon  and  Washington. 

Utah — C.  petasata  is  frequent  over  most 
physiographic  units  of  the  State.  Collections 
have  been  checked  from  the  Uinta,  Wasatch, 
La  Sal,  Henry,  and  Deep  Creek  Mountains  and 
the  Tavaputs,  Fishlake,  Pavant,  Tushar,  Mark- 
agunt,  Paunsagunt,  and  Aquarius  Plateaus. 

Habitat 

All  collections  of  this  species  by  the  author 
have  been  from  the  mountain  sagebrush-grass 
or  grassland  communities.  It  has,  however, 
been  reported  from  meadows  and  aspen  type. 
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Zonal  distribution  may  be  from  the  intermoun- 
tain  valleys  upward  to  11,000  feet.  On  the  La 
Sal  Mountains,  it  was  foimd  growing  in  the 
Festuca  thurberi  community. 

Forage  value 

When  growing  in  the  same  sites  with  Ag- 
ropyron  spicatum,  it  was  found  to  be  higher  in 
palatability  to  that  species.  On  heavily  grazed 
range,  it  is  geneally  found  only  within  the  pro- 
tection of  sagebrush.  It  was  possibly  one  of  the 
important  sedges  found  in  the  mountain  grass- 
lands in  pristine  condition. 

41.    Carex    straminiformis   L.    H.    Bailey, 
Mem.  Torrey  Club  1.24.  1889. 

Plants  very  densely  cespitose;  culms  1-4  dm. 
high;  leaves  3-7  per  fertile  culm,  on  lower 
fourth,  blades  flat,  2-3.5  mm.  wide,  thick;  spikes 
3-10,  closely  aggregated  into  a  head,  gynaecan- 
drous,  staminate  flowers  inconspicuous,  con- 
taining numerous  ascending-spreading  perigyn- 
ia;  lower  bract  scale-like  or  short;  scales  red- 
dish chestnut  with  green  midrib  and  white- 
hyaline  margins,  shorter  and  much  narrower 
than  perigynia;  perigynia  flattened,  concavo- 
convex,  4.5-5.5  X  2.5-3  mm.,  light-colored, 
strongly  winged  with  crinkled  margins,  abrupt- 
ly narrowed  into  a  conspicuous,  flat,  serrulate 
beak. 

This  sedge  is  very  closely  related  to  C.  eggle- 
stoni  from  which  it  can  be  separated  by  its 
lower  growing  form  and  by  its  lighter-colored 
and  smaller  perigynium. 

Distribution 

General— CaicaAe  and  northern  Sierra  Nev- 
ada Mountains  and  eastward  to  Utah. 

Utah — One  Utah  collection  from  Mount 
Timpanogos  of  the  Wasatch  Mountains  was 
available  for  study,  (Castle  76c,  identified  by  F. 
J.  Hermann). 

Habitat 

The  Utah  specimen  was  collected  from  a 
cirque  at  about  10,000  feet  elevation.  It  was 
growing  in  light,  rocky  soil.  Mackenzie  listed 
it  as  a  plant  of  high  mountain  summits. 

42.    Carex  egglestoni  Mack.,  Bull.  Torrey 
Club  42:614.  1915. 

Plants  densely  cespitose;  cuhns  4-8  dm. 
high,  sharply  triangular,  stiff,  erect,  rather 
stout;  leaves  4-6  to  a  fertile  culm,  blades  flat, 
2-6  mm.  wide,  thickish;  spikes  3-6,  closely  ag- 
gregated into  an  ovoid  head,  gynaecandrous, 
staminate  flowers  few,  perigynia  numerous  and 
appressed-ascending;  lowest  bract  short-prolong- 
ed; scales  acute  to  short  acuminate,  reddish- 
brown  with  lighter  midveins  and  narrow  to 
wide  hyaline  margins,  narrower  and  much  wid- 


er than  perigynia;  perigynia  flattened-concavo- 
convex,  6-8  x  2-3.5  mm.,  olive-green  to  brown- 
ish; strongly  wdnged  and  serrulate,  abruptly 
contracted  into  a  conspicuous,  broad,  flat,  bi- 
dentate  beak. 

Distribution 

General  —  Northwestern  Montana  and 
southward  through  eastern  Idaho  to  Utah,  Nev- 
ada, and  Colorado. 

Utah — An  abundant  species  through  the 
higher  mountains  and  plateaus  of  the  State. 
Collections  examined  from  the  Bear  River, 
Wasatch,  Uinta,  and  La  Sal  Mountains  and  the 
Tavaputs,  Wasatch,  Fishlike,  Tushar,  and 
Markagunt  Plateaus. 

Habitat 

Most  commonly  found  growing  in  the  grass- 
forb  communities  of  the  upper  montane  zones. 
It  may  also  be  frequent  in  open  parks  of  the 
spruce-fir  zone.  This  is  one  of  the  two  most 
common  sedges  growing  in  the  Festuca  thurberi 
community  of  the  La  Sal  Mountains. 

Forage  value 

Limited  observations  indicate  that  C.  eggle- 
stoni is  moderately  palatable  to  cattle.  In  areas 
where  abundant,  it  is  an  important  forage  plant 
for  cattle.  Sheep  seem  to  make  only  light  use 
of  it  where  grazing  pressure  is  moderate. 

43.    Carex   xerantica   L.    H.    Bailey,    Bot. 
Gaz.  17:151.  1892. 

Cespitose  from  short-creeping  rootstocks; 
cuhns  3-6  dm.  high,  stiff,  erect;  leaves  2-3  to 
a  culm,  clustered  at  base,  blades  flat,  2-3  mm. 
wdde  stiff;  spikes  3-6,  approximate  but  distinct, 
gynaecandrous,  staminate  flowers  inconspicu- 
ous, except  in  the  terminal  spike,  with  nvimer- 
ous  closely  appressed  perigynia;  lowest  bract 
short;  scales  whitish  to  light-reddish-brown  vrith 
green  centers  and  wide  white-hyaline  margins, 
nearly  concealing  perigynia;  perigynia  flat,  4-5 
(6)  x  2-3  mm.,  greenish,  straw-colored  or  light 
browTi,  broadly  winged,  serrulate,  tapering  into 
a  flat,  serrulate,  bidentate  beak,  white-hyaline 
at  orifice. 

Distribution 

General — Primarily  a  species  of  the  Great 
Plains  but  extending  westward  to  Colorado, 
Wyoming,  and  Utah. 

Utah — Recent  collections  would  indicate 
that  this  is  a  wide-spread  and  relatively  abund- 
ant species.  Collections  show  it  to  be  growing 
on  the  Uinta  and  La  Sal  Mountains  and  on  the 
Aquarius  Plateau.  Future  collections  %vill  prob- 
ably bring  it  to  light  on  other  physiographic 
units. 

Habitat 

In  Utah  C.  xerantica  is  a  plant  of  mid  to 
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rather  high  elevations.  Also,  it  is  a  member  of 
grass-forb  communities.  On  the  Aquarius  Plat- 
eau it  was  observed  growing  in  large  openings 
in  aspen  type  at  about  9,000  feet  elevation.  A 
plant  considered  to  be  that  species  was  a  mem- 
ber of  the  Festuca  ovina  community  of  the  11,- 
000  foot  top  of  that  plateau.  In  the  aspen  open- 
ing, this  sedge  made  up  as  much  as  8  percent 
of  the  plant  composition  and  was  associated 
with  such  species  as  Sdpa  lettermanii,  Festuca 
thurberi,  Agropyron  subsecundum  and  Poa 
fendleriana  plus  nimierous  forbs. 

A  recent  collection  of  the  species  was  made 
from  the  head  of  Lake  Creek  Basin  in  Wasatch 
County.  Here  it  was  a  common  constituent  of 
an  open  grass-forb  community  of  which  Stipa 
lettermanii  was  the  most  common  species. 

Forage  value 

This  species  could  be  considered  as  moder- 
ately palatable  to  cattle.  On  moderately  heavy 
grazed  range,  it  was  utilized  to  the  same  inten- 
sity as  Stipa  lettermanii  or  about  25  percent. 

44.  Car  ex  athrostachya  Olney,  Proc.  Am. 
Acad.  7:393.  1868. 

Plants  cespitose  in  small  to  rather  large 
clumps;  culms  0.5-6  dm.  high,  slender,  spread- 
ing; leaves  2-4  to  a  cvJm,  blades  flat,  1.5-5  mm. 
wide,  yellowdsh-green;  spikes  4-20,  aggregated 
or  somewhat  separate  below,  gynaecandrous, 
staminate  flowers  few,  containing  15-40  ap- 
pressed-ascending  perigynia;  one  to  three  of 
lower  bracts  strongly  developed;  scales  brown- 
ish with  green  centers  and  white-hyaline  mar- 
gins, narrower  and  shorter  to  nearly  the  length 
of  perigynia;  pergynia  flat,  3-5  x  1-2  mm., 
wings  medium  to  nearly  obsolete,  light-colored, 
tapering  to  a  little  flattened,  serrulate  beak, 
shallowiy  bidentate  and  hyaline  at  apex. 

Distribution 

General — Alaska  southward  to  British  Col- 
mnbia.  Alberta,  Saskatchewan,  and  North  Da- 
kota and  down  the  western  mountains  to  Colo- 
rado, Arizona,  Nevada,  and  California. 

Utah — Widely  distributed  through  the  cen- 
tral mountains  and  plateaus  of  the  state.  Col- 
lections were  studied  from  the  Wasatch,  Uinta, 
and  Pine  Valley  Mountains  and  from  the  Fish- 
lake,  Aquarius,  and  Markagunt  Plateaus. 

Habitat 

Meadow  parks  and  stream  sides  from  the  in- 
termountain  valleys  to  the  spruce-fir  zone.  It 
can  often  be  found  in  intermittent  streambeds 
or  along  road  banks.  Occasionally  it  grows  on 
rather  dry,  rocky  slopes. 

45.  Carex  saximontana  Mack.,  Bull.  Tor- 
rey  Club  33:439.  1906. 

Plants  cespitose;  culms  up  to  3.5  dm.  high, 


slender,  weak,  strongly  triangular,  serrulate; 
leaves  2-4  to  a  culm,  clustered  near  base,  blades 
flat  and  rather  lax,  glaucous-green,  3-5  mm. 
wide;  spikes  1-3,  widely  separated,  lower  on 
long  peduncles,  androgynous,  pistillate  part 
with  2-5  perigynia  on  a  zig  zag,  triangular 
winged  rachis,  each  subtended  by  a  scale,  lower 
scales  much  elongated  to  a  leaf-like  form  and 
exceeding  the  inflorescence;  perigynia  4-5  x 
2-2.5  mm.,  obovoid,  green,  contracted  into  a 
stipitate  base,  abruptly  contracted  above  into 
a  short,  conic  beak.  (Plate  II) 

Distribution 

General — British  Columbia  to  Manitoba, 
western  Minnesota,  Nebraska,  Colorado,  Utah, 
Idaho,  and  eastern  Oregon. 

Utah — Mackenzie  listed  Utah  within  the 
range  of  this  sedge.  One  specimen  was  collected 
by  the  author  from  the  Wasatch  Mountains 
(drainage  of  Hobble  Creek,  Utah  County). 

Habitat 

Dry  woods  and  thickets,  intermountain  val- 
leys upward  to  midrelevations. 

46.    Carex  filifolia  Nutt.,  Gen.  2:204.  1818. 

Plants  densely  cespitose;  culms  8-30  cm. 
high,  filiform,  wiry,  broken  off  culms  and  leaves 
forming  a  fasciculate  base;  leaves  2-3  to  a 
cuhn,  bunched  at  base,  blades  wiry,  acicular, 
involute,  short,  0.25  mm.  wide;  spikes  solitary, 
erect,  linear,  androgynous,  upper  half  stami- 
nate, lower  with  5-15  erect-ascending  perigynia; 
pistillate  scales  light  reddish-brown  with  con- 
spicuous white-hyaline  margins,  broadly  obo- 
vate,  completely  concealing  the  perigynia;  per- 
igynia ovoid  or  orbicular,  3-5  x  2-2.4  mm.,  ob- 
tusely triangular,  puberulent  above,  light-col- 
ored, trimcately  narrowed  into  a  short  (1  mm. 
or  less),  hyaline  beak. 

C.  filifolia  and  C.  elynoides  are  often  hard 
to  separate.  C.  filifolia  can  usually  be  separated 
by  its  more  conspicuous  broadly  white-hyaline 
pistillate  scales  and  somewhat  larger  perigynia, 
with  a  rather  conspicuous  puberulence  above. 
In  our  specimens  of  C.  elynoides,  the  perigynia 
appear  to  be  nearly  glabrous  and  are  only 
slightly  scabrous  above. 

Distribution 

General — Praires,  from  Saskatchewan  and 
Alberta  to  Texas  and  New  Mexico  and  west- 
ward to  Arizona,  Nevada,  Idaho,  eastern  Ore- 
gon, and  California.  Also  in  the  Yukon. 

Utah — The  only  known  specimen  from 
Utah  is  Harrison  8114  from  the  Buckhom 
Wash,  San  Rafael  Swell,  Emery  County. 

Habitat 

This  is  primarily  a  praire  species.  In  the 
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mountain  states  it  is  generally  associated  with 
the  sagebrush-grass  communities  of  the  river 
plains  and  intermountain  valleys.  It  may,  how- 
ever, extend  upwards  to  the  lower  montane 
zones. 

Grazing  value 

C.  filifolia  is  rather  palatable  to  livestock. 
On  cattle  range  where  it  was  associated  with 
Festuca  ovina,  Agropyron  spicatum  and  native 
Poa,  it  was  found  to  be  equal  in  palatability  to 
the  Agropyron  but  more  preferred  than  the  Fes- 
tuca. 

47.  Carex   elynoides   Holm,    Am.    Journ. 
Sci.  IV.  9:356;  367.  f.l.  1900. 

Plants  densely  cespitose;  culms  6-12  cm. 
high,  filiform,  wiry,  erect,  old  culms  and  leaf 
blades  broken  off  and  forming  a  fasciculate 
base;  leaves  2-3  per  culm,  blades  wiry,  stiff, 
acicular,  involute,  short.  0.25  mm.  wide;  spikes 
solitary,  erect,  linear,  upper  half  staminate, 
lower  with  4-8  erect-ascending  perigynia;  scales 
reddish-brown  with  dingy-white  hyaline  mar- 
gins, thin,  oblong-ovate,  pistillate  scales  longer 
and  wider  than  staminate  and  as  long  to  longer 
than  perigynia;  perigynia  obpyramidal-triangu- 
lar,  2.5-4.2  x  1-2  mm.,  slightly  pubervdent  or 
scabrous  at  base  of  beak,  light-colored,  often 
with  dark  tinging,  tapering  to  base,  abruptly 
narrowed  into  a  cylindric  hyaline  beak,  0.5-1 
mm.  long.  (See  C.  filifolia  for  differences.) 

Distribution 

General — A  Rocky  Mountain  species.  Mon- 
tana and  Idaho  and  southward  to  Wyoming, 
Colorado,  Utah,  and  Nevada. 

Utah — It  has  general  distribution  through- 
out the  high  mountains  and  plateaus  of  the 
State.  Collections  were  studied  from  the  Uinta, 
Wasatch,  Deep  Creek,  and  La  Sal  Mountains 
and  the  Fishlake,  Tushar,  and  Markagunt 
Plateaus. 

Habitat 

High  mountain  tops  and  exposed  ridges.  All 
Utah  collections  checked  were  from  the  upper 
spruce-fir  and  alpine  zones.  Where  this  species 
is  protected  by  rocks  or  fallen  logs,  its  height 
may  be  several  times  greater  than  where  grow- 
ing on  more  exposed  sites. 

FoR.'VGE  VALUE 

Ordinarily  this  sedge  is  too  short  to  be  of 
much  value  as  a  grazing  plant  for  livestock.  At 
one  site  horses  were  observed  grazing  it. 

48.  Carex   obtusata   Lilj.,    Sv.    Vet-Akad. 
Nya  Handl.  14:69.  pi.  4.  1793. 

Culms  slender,  arising  1-3  together  from 
slender,  purple-black  rootstocks,  6-20  cm.  high; 


leaves  several,  from  near  the  base,  blades,  flat, 
channeled,  1-1.5  mm.  wide;  spikes  solitary, 
androgynous,  upper  2/3  staminate,  lower  1/3 
with  1-6  spreading  ascending  perigynia;  scales 
tiiin,  bro^vnish,  smaller  than  perigynia;  peri- 
gynia dark,  shining,  3-4  x  1.2-2  mm.,  suborbic- 
ular  in  cross-section,  truncately  stipitate  at  base, 
tapering  into  a  short  (0.5-1  mm.  long),  smooth 
beak,  with  hyaline  tip  and  deep  dorsal  suture. 

Distribution 

General — Alaska  to  Saskatchewan  and 
southward  across  British  Coliunbia  to  northern 
New  Mexico  and  Utah.  Widely  distributed  in 
Eurasia. 

Utah — A  rather  common  sedge  through  the 
central  chain  of  mountains  and  plateaus.  It  is 
very  common  through  the  Joe's  Valley  depres- 
sion of  the  Wasatch  Plateau,  on  the  Aquarius 
Plateau  and  the  Thousand  Lake  Mountain. 
Collections  were  studied  from  the  Uinta  Moun- 
tains and  Wasatch,  Aquarius,  and  Sevier  Plat- 
eaus. It  was  observed  growing  on  the  south  end 
of  the  Wasatch  Mountains  and  the  Fishlake 
Plateau. 

Habitat 

In  Utah,  C.  obtusata  is  generally  found  at 
mid-elevations.  It  may,  however,  be  found  at 
elevations  of  11,000  feet  on  the  Aquarius  Plat- 
eau. This  sedge  appears  to  be  equally  at  home 
in  open  sagebrush-grass  communities,  under 
aspen  shade,  or  in  rather  thick  oakbrush  types. 
When  growing  in  the  shade  it  has  a  longer  and 
more  lax  leaf. 

Forage  value 

Like  many  of  the  low-growing  grasses  and 
sedges,  C.  obtusata  appears  to  persist  and  even 
increase  under  heavy  grazing  use.  In  Scad  Val- 
ley on  the  Wasatch  Plateau,  this  little  sedge 
often  occupies  the  interspaces  between  the  sage- 
brush while  the  taller  grasses  and  sedges  are 
confined  to  the  protection  of  the  brush. 

49.    Carex  rossii  Boott,  in  Hook.  Fl.  Bor. 
Am.  2:222.  1839. 

Plants  cespitose  in  medium  sized  clumps; 
cubns  5-30  cm.  high,  slender,  erect,  reddish- 
purple  at  base,  lower  sheaths  filamentose; 
leaves  several,  basal,  blades  1-3  mm.  wide,  chan- 
neled above;  terminal  spike  staminate,  sessile 
or  short  peduncled;  pistillate  spikes  3-5,  one 
or  two  above  and  contiguous,  two  or  three  from 
near  the  base  on  long  or  short,  slender  ped- 
uncles; lower  bract  leaf-like,  normally  exceeding 
the  culms;  scales  greenish  to  brownish  with 
green  centers  and  hyaline  margins,  acute  to 
acuminate,  shorter  than  perigynia;  perigynia 
2.8-4.5  X  1.2-2.5  mm.,  short-pubescent,  green 
often  dark  above,  2-keeled  and  stipitate;  beak 
conic,  0.75-1.5  mm.  long,  ciliate-serrulate  and 
deeply  bidentate.  (Plate  III) 
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Distribution 

General — Alaska  and  Yukon  southward  to 
Manitoba,  Minnesota,  Black  Hills  of  South  Da- 
kota, Colorado,  Utah,  Nevada,  and  California. 
Isolated  in  Michigan. 

Utah — C.  rossii  is  widespread  and  common 
in  Utah.  Specimens  have  been  examined  from 
the  Uinta,  Bear  River,  Wasatch,  La  Sal,  and 
Deep  Creek  Mountains  and  from  the  Tavaputs, 
Sanpitch,  Tushar,  and  Markagunt  Plateaus  and 
a  desert  mountain  in  western  Utah.  This  species 
was  observed  growing  on  the  south  end  of  the 
Pavant  Plateau. 

Habitat 

Ross  sedge  grows  in  quite  varied  sites.  It  is 
most  characteristically  found  in  open  timber 
stands  from  the  pinyon-juniper  to  the  spruce- 
fir  zones.  Occasionally  it  is  found  in  open  grass- 
lands and  alpine  slopes.  This  is  one  of  the  more 
common  herbaceous  plants  growing  under  the 
ponderosa  pine  on  the  east  side  of  the  Aquarius 
Plateau.  Above  Panguitch  Lake  on  the  Marka- 
gunt Plateau  it  can  be  found  growing  under  the 
aspen.  In  the  large  basins  just  under  the  Uinta 
peaks,  it  is  a  common  forest  floor  species  under 
Engelmann  spruce.  Often  it  is  an  associate  of 
C.  geyeri. 

Forage  value 

As  a  forage  plant  it  is  poor  to  good  depend- 
ing on  the  sites  on  which  it  is  growing.  In  the 
dry  pinyon-juniper  site  it  may  not  be  grazed 
evenly  by  cattle  but  in  the  aspen  parks  sheep 
were   observed  to  be  grazing  it  rather  heavily. 

50.    Carex  pityophila  Mack.,  Bull.  Torrey 
Club  40:545.  1913. 

Plants  cespitose  in  large,  dense  clumps; 
culms  10-15  cm.  high,  much  shorter  than  leaves, 
slender,  sharply  triangular  and  rough;  leaves 
5-10  to  a  fertile  culm,  blades  erect,  flat.  0.75-3 
mm.  wide;  lower  sheaths  filamentose;  tenninal 
spike  staminate,  peduncled;  pistillate  spikes  2-5, 
upper  1  or  2  contiguous,  the  others  on  slender 
peduncles  from  base,  upper  ones  containing  1-3 
perigynia;  bract  of  upper  spike  leaf-like;  pistil- 
late scales  acute,  purplish-brown-tinged,  about 
the  size  of  the  perigynia;  perigynia  3.5-5  x 
1.75-3  mm.,  2-keeled,  puberulent,  green,  sub- 
orbicular  in  cross-section,  strongly  stipitate; 
abruptly  contracted  into  a  beak,  0.75-1  mm. 
long,  shallowly  bidentate. 

Distribution 

General — Southern  Colorado  and  southeast 
Utah  to  New  Mexico. 

Utah- — One  poor  specimen  from  the  La  Sal 
Mountains  was  available  for  study.  Mackenzie 
listed  it  as  a  species  of  Utah. 

Habitat 

Primarily  a  species  of  ponderosa  pine  and 
oakbrush  types. 


51.  Carex  pseudoscirpoidea  Rydb.,  Mem. 
N.  Y.  Bot.  Card.  1:78.1900. 

Loosely  cespitose  from  long-creeping  root- 
stocks;  culms  1.5-3.5  dm.  high,  stiff,  triangular, 
old  leaves  conspicuous  at  base;  leaves  5-10  to  a 
culm  and  basal,  blades  2-3  mm.  wide,  thickish, 
flat  above;  spike  solitary,  dioecious,  both  kinds 
of  spikes  closely  many-flowered;  scales  brown- 
ish-black, with  white-hyaline  margins,  stami- 
nate erose-ciliate,  pistillate  with  lacerate  and 
ciliate  apex,  pubescent;  perigynia  obovoid,  2.4- 
3.2  X  1.25-1.6  mm.,  strongly  pubescent,  abrupt- 
ly contracted  into  a  slender  beak,  0.5  mm.  long. 

Some  of  the  earlier  collections  from  the  state 
were  referred  to  C.  scirpoidea.  It  is  now  consid- 
ered that  the  Utah  material  belongs  to  the  above 
described  species.  (Plate  III) 

Distribution 

General — Montana  and  Washington  and 
southward  to  Colorado,  Utah  and  Nevada. 

Utah — A  common  species  of  the  Uinta 
Mountains.  Specimens  have  been  checked  from 
the  Bear  River,  Uinta,  and  La  Sal  Mountains. 

Habitat 

This  sedge  is  an  important  constituent  of  the 
more  highly-developed  apline  tundra  commun- 
ity. It  tolerates  a  rather  wide  range  of  moisture 
availability  from  xeric  alpine  ridges  to  mead- 
ows. Although  common  to  the  drier  sites,  it 
grows  more  luxuriantly  where  moisture  is  more 
plentiful  such  as  seeps  and  meadows. 

Forage  value 

Moderately  palatable  and  grazed  by  both 
sheep  and  cattle. 

52.  Carex  drummondiana  Dewey,  Am. 
Jour.  Sci.  29:251.  pi.  Y.,  f.  82.  (C. 
rupestris  Bellard:ex  All.)  1836. 

Plants  loosely  cespitose  from  long,  slender 
rootstocks;  culms  low  (6-12  cm.  tall),  stiff, 
erect,  sharply  triangular  and  roughened  above, 
purple  at  base,  old  leaves  conspicuous;  leaves 
8-12,  basal,  blades  flat,  canaliculate,  2-4  mm. 
wide;  spikes  solitary,  androgynous,  containing 
1-6  erect-ascending  perigynia,  upper  2/3  stami- 
nate; pistillate  scales  orbicular-ovate,  light  to 
dark-brown  with  conspicuous  white-hyaline 
margins  and  lighter  centers,  shorter  to  as  long 
as  perigjTiia;  staminate  scales  lighter-colored 
and  narrower;  perigynia  3-4.5  x  1.6-2.4  mm., 
2-keeled,  triangular  flattened,  greenish-white 
and  tinged  with  brown,  substipitate  at  base  and 
abruptly  minutely  beaked,  apex  white-hyaline, 
rough  to  entire.  (Plate  III) 

Distribution 

General — Rocky  Mountains,  British  Colum- 
bia, Wyoming,  Utah,  and  Colorado. 
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Utah — Collections  would  indicate  that  C. 
drummondiana  is  confined  to  the  Uinta  Moun- 
tains. Observations  on  a  very  limited  portion 
of  that  mountain  would  indicate  that  it  is  rela- 
tively abvmdant  in  suitable  habitats. 

Habitat 

Where  the  collections  were  made,  this 
species  was  the  dominant  plant  on  very  rocky 
south  faces  above  timberline  (about  11,500  ft. 
elevation).  The  ground  surface  area  was  about 
2/3  rock  and  only  about  1/3  soil.  This  little 
sedge  formed  a  heavy  cover  in  the  soil  patches 
between  the  rocks.  It  was  also  observed  to  be  a 
common  species  on  dry  alpine  ridgetops. 


53.    Carex  geyeri  Boott,  Trans. 
20:118.  1846. 
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Loosely  cespitose  with  thick,  elongate  root- 
stocks;  culms  1-4  dm.  high,  erect  or  nodding, 
stiff,  sharply  triangular,  aphyllopodic;  leaves 
generally  2  developed  ones  to  a  culm,  2-4  mm. 
wide,  tough,  flat  or  canaliculate,  tips  often  dry; 
with  numerous  sterile  shoots;  spike  andro- 
gynous, staminate  part  linear  and  short  pe- 
duncled  above  1-3  perigynia;  pistillate  scales 
greenish,  exceeding  the  perigynia,  the  lower 
one  often  short-awned;  perigynia  5.5-7  x  2.5-3.5 
mm.,  triangular,  2  ribbed,  short-stipitate  and 
tapering  at  base,  abruptly  short  beaked  at  apex. 
(Plate  III) 

Distribution 

General — British  Columbia  and  Alberta 
southward  to  Colorado,  Utah  and  northern  Cali- 
fornia. Introduced  to  Pennsylvania. 

Utah — One  of  the  more  common  sedges  of 
the  state.  Collections  studied  were  from  the 
Bear  River,  Uinta,  Wasatch  and  La  Sal  Moun- 
tains; the  Sanpitch,  Pavant  and  Tushar  Plat- 
eaus. It  has  also  been  observed  on  the  Wasatch 
Plateau. 

Habitat 

C.  geyeri  is  primarily  a  species  of  open 
woodlands.  In  Utah,  it  is  most  commonly 
found  associated  with  oakbrush  and  with  the 
Douglas  fir-white  fir  association.  On  the  La  Sal 
Mountains  where  the  species  seems  to  reach 
its  greatest  importance  in  Utah  it  is  the  domi- 
nant herbaceous  plant  under  the  oakbrush  and 
some  of  the  younger  stands  of  aspen.  Although 
this  species  is  most  common  at  mid-elevations, 
it  is  not  confined  to  those  zones.  It  grows  com- 
monly under  Engelmann  spruce  and  lodgepole 
pine  on  the  Uinta  and  Wasatch  Mountains  and 
may  extend  up  to  timberline.  It  appears  to 
have  been  an  important  constituent  of  its  com- 
munity in  pristine  condition. 

Forage  value 

The  foliage  of  this  plant  is  tough  and 
fibrous,  consequently  it  is  only  lightly  grazed 


during  the  season  when  other  forage  plants 
are  green  and  lush.  However,  in  the  fall  when 
other  herbaceous  plants  begin  to  dry  up,  C. 
geyeri  remains  green.  Cattle  have  been  ob- 
served to  graze  the  plant  heavily  at  that  time. 
This  sedge  remains  green  even  under  a  snow 
cover.  Elk  are  reported  to  dig  it  from  under 
2  to  3  feet  of  snow. 

54.  Carex  aurea  Nutt.,  Gen.  2:205.  1818. 

Plants  loosely  cespitose  vsdth  long,  slender 
rootstocks;  culms  0.5-5.5  dm.  high,  slender, 
erect,  triangular  and  roughened  above;  leaves 
several  per  culm,  basal,  2-4  mm.  wide,  flat 
above;  spikes  loosely  few-flowered,  terminal 
spike  staminate  or  occasionally  gynaecandrous 
or  androgynous;  lateral  spikes  3-5,  generally 
pistillate,  upper  approximate,  lower  separate; 
bract  leaf-like,  long  sheathing,  exceeding  in- 
florescence; scales  ovate,  obtuse  to  short-cus- 
pidate, reddish-brown  to  greenish  with  con- 
spicuous 3-nerved  green  centers  and  white- 
hyaline  margins,  smaller  than  perigynia;  peri- 
gynia orbicular-obovoid,  2-3  x  1.5  mm.,  fleshy, 
translucent  and  golden-yellow  or  brownish  at 
maturity,  short  stipitate,  nearly  beakless. 

Distribution 

General — Boreal  forest  species.  Alaska  and 
Mackenzie  Mountains  to  Newfoundland  and 
southward  to  Pennsylvania,  Indiana,  Michigan, 
Nebraska,  New  Mexico,  northern  Arizona, 
Nevada,  and  California. 

Utah — Rather  common  throughout  the 
state.  Study  was  made  of  collections  from  the 
Bear  River,  Uinta,  Wasatch,  Deep  Creek,  and 
La  Sal  Mountains  and  the  Wasatch,  Tushar, 
Markagunt,  and  Paunsagunt  Plateaus.  Also 
one  collection  from  the  White  River  Canyon 
in  San  Juan  County. 

Habitat 

Bogs,  meadows  and  streamsides  from  the  in- 
termountain  valleys  to  above  timberline.  In 
Ephraim  Canyon  on  the  Wasatch  Plateau  it 
was  found  growing  in  freshly  deposited  calcar- 
eous mud. 

55.  Carex  hassei  L.  H.  Bailey,  Bot.  Gaz. 

21:5.  1896. 

Loosely  cespitose;  culms  .5-2.5  dm.  tall, 
from  long  rootstocks;  leaves  2-4  mm.  wide,  flat; 
spikes  3-5,  mostly  remote,  the  terminal  usually 
staminate  but  many  gynaecandrous,  andro- 
gynous or  all  the  spikes  pistillate;  lower  bract 
leaf-like,  short-sheathing,  inner  summit  of 
sheath  trvmcate;  pistillate  scales  ovate,  firm,  ob- 
tuse, to  acuminate  or  with  awns  (2-6  nim. 
long),  dark-brown  to  tan  or  mostly  hyaline 
with  broad  3-nerved  light  centers  and  white- 
hyaline  margins   and  apex,  generally   shorter 
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and  narrower  than  perigynia;  perigynia  2.5-3 
mm.  long,  whitish  or  greenish,  ovate  to  obovate, 
biconvex  and  somewhat  flattened,  rounding  to 
tapering  at  base,  cantracted  at  apex  to  a  very 
short  beak.  (Plate  III) 

Distribution 

General— K  species  of  western  United 
States  (Colorado,  Arizona,  Utah,  Nevada,  and 
California). 

Utah — Limited  collections.  Found  on  and 
near  the  Uinta  and  Wasatch  Mountains  and 
from  Colorado  drainage  in  southeast  Utah. 

Habitat 

Wet  meadows  and  bogs,  intermountain  val- 
leys and  canyons  to  the  aspen-fir  zone. 

56.    Carex  garberi  Fern.,  Rhodora  37:253. 
1935. 

Loosely  cespitose  from  long  slender  root- 
stocks;  culms  3-5  dm.  high,  slender,  triangular; 
leaves  flat,  erect,  shorter  to  longer  than  culms, 
blades  1.5-2  mm.  wide  (ours),  light  green, 
roughened,  especially  on  the  attenuate  tips; 
terminal  spikes  staminate  or  androgynous,  oc- 
casionally all  spikes  of  a  culm  may  be  pistillate; 
lateral  spikes  2-7,  pistillate,  densely  crowded, 
especially  above,  sometimes  the  basal  ones  are 
on  long,  slender  peduncles;  lower  bract  leaf-like, 
shorter  to  exceeding  culms,  rather  long  sheath- 
ing (ours),  "V"  shaped  or  arcuate  at  inner  simi- 
mit  of  sheath;  scales  brown  with  3-nerved  green 
centers  and  white-hyaline  margins,  nearly  as 
wide  and  half  as  long  as  perigynia,  rounding 
to  short  mucronate  at  tip;  perigynia  2-2.5  mm. 
long  (ours),  biconvex,  rather  plump,  ellipsoid 
to  obovoid,  green,  dry,  somewhat  white  papil- 
late, substipitate  at  base,  rounded  to  somewhat 
tapering  to  a  nearly  beakless  apex. 

The  small  perigynia  would  indicate  that 
our  entity  belongs  to  the  typical  variety  rather 
than  to  var.  bifariaFern.,  Rhodora  37:255.  1935. 
The  culms  of  our  entity  are  rather  tall  and 
lax,  however,  as  is  common  to  the  var.  bifaria. 
This  latter  form  has  perigjmia  from  2.5-3  mm. 
long.  Ripley  and  Bameby  (Leafl.  West.  Bot. 
IV:  208.  1945)  considered  their  collection  No. 
6286  from  White  Pine  County,  Nevada  as  the 
typical  variety. 

Distribution 

General — Area  of  the  Great  Lakes,  Canada 
and  United  States,  westward  and  southward  to 
North  Dakota,  Nevada  and  Utah. 

Utah — This  form  appears  to  be  confined  to 
the  deep  canyons  of  the  Colorado  in  the  south- 
eastern portion  of  the  state. 

Habitat 

River  banks  and  seeps. 


57.    Carex  crawei  Dewey,  Am.  Jour.  Sci.  II. 

2:246.  1846. 

Cuhns  growing  singly  or  few  together  from 
long-creeping  rootstocks,  1-3  dm.  high,  obtusely 
triangular,  phyllopodic,  old  leaves  conspicuous 
at  base;  leaves  numerous,  basal,  light-green 
wdth  blades  1.5-3  mm.  wide;  terminal  spike 
staminate  and  long  peduncled;  pistillate  spikes 
2-4,  separate,  nearly  sessile,  oblong-cylindric 
wdth  10-45  ascending  perigynia;  bracts  leaf-like, 
sheathing,  15  mm.  long  or  less;  scales  reddish- 
brown  with  hyaline  margins  and  green  centers, 
mucronate  to  cuspidate,  smaller  than  perigynia; 
perigynia  ovoid,  orbicular  in  cross-section,  3-3.5 
X  1.25-2  mm.,  light-colored,  beak  very  short 
with  hyaline  tip. 

Distribution 

General — Alberta  to  Quebec  southward  to 
Maine,  northwest  Connecticut,  New  Jersey, 
Alabama,  Missouri,  Kansas,  Wyoming,  Utah, 
and  Washington. 

Utah — Only  one  specimen  from  Utah  was 
available  for  study.  Maguire  18,828  from  the 
Marl  Bogs  at  the  base  of  the  Paunsagunt  Pla- 
teau in  Kane  County. 

Habitat 

Wet,  high  calcium  soils.  Our  specimen  was 
from  relatively  low  elevation. 

58.    Carex  capillaris  L.,  Sp.  PI.  977.  1753. 

Plants  cespitose  in  small  climips;  culms  0.3- 
4  dm.  high,  very  slender,  reclining  or  spread- 
ing, smooth,  old  leaves  conspicuous  at  base; 
leaves  numerous,  basal,  flat,  0.75-3  mm.  wide; 
terminal  spike  staminate  or  occasionally  gynae- 
candrous,  very  slender,  usually  overtopping  the 
uppermost  pistillate  spike;  pistillate  spikes  2-3, 
very  slender,  elongate,  on  drooping  peduncles, 
containing  from  3-20  ascending,  loosely  arrang- 
ed perigynia;  bracts  long  or  occasionally  short- 
sheathing,  tubular;  scales  small  and  thin,  light- 
chestnut,  broadly  hyaline  margined,  early  de- 
ciduous; perigynia  2-4  x  0.5-1.5  mm.,  obtusely 
triangular  in  cross  section,  strongly  stipitate, 
beak  minute,  scabrous  at  base,  conic,  purple- 
tipped. 

Distribution 

General — Alaska  to  Labrador  and  New- 
foundland southward  to  New  York,  Indiana, 
Michigan,  Wisconsin,  Manitoba,  New  Mexico, 
Utah,  and  Nevada.  Also  Greenland,  Iceland, 
and  Eurasia. 

Utah — Specimens  checked  from  the  Bear 
River  and  Deep  Creek  Mountains  and  the  Mar- 
kagunt  Plateau.  Hermann  collected  the  species 
on  the  Uinta  Mountains. 

Habitat 

Utah  collections  were  from  wet  meadows 
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and  rocky  alpine  tundra,  with  elevations  from 
lower  montane  to  alpine. 

59.  Carex  viridula.  Michx.,  Fl.  Bor.  Am. 
2:170.  1803. 

Plants  densely  cespitose  in  small  clumps; 
culm  0.5-4  dm.  high,  stiff,  erect,  leafy;  leaves 
4-8  per  culm,  blades  light-green,  thickish,  flat 
or  channeled,  1-3  mm.  wide;  terminal  spike 
normally  staminate;  pistillate  spikes  2-6,  oblong 
to  globose-oblong,  containing  15-30  spreading 
pengynia;  bracts  much  exceeding  inflorescense, 
short-  to  long-sheathing  (2-15  nun.);  scales 
small,  rounded  to  short  cuspidate,  reddish  to 
brown  with  green  centers,  shorter  than  peri- 
gynia;  perigynia  2-3  x  1.25-2  mm.,  obovoid, 
yellowish-green,  substipitate  at  base,  strongly 
nerved,  with  minutely  bidentate  beak  about  Yi 
the  length  of  perigynium  body;  achenes  black 
and  shining  at  maturity. 

Distribution 

General — Alaska  to  Ontario  and  Newfound- 
land, southward  to  New  Jersey,  Illinois,  In- 
diana, New  Mexico,  Utah,  Nevada,  and  Cali- 
fornia. Also  southern  Greenland  and  eastern 
Asia. 

Utah — Two  collections  by  Maguire  were 
examined.  Magiiire  18,839  from  the  south  end 
of  the  Paunsagunt  Plateau  and  Maguire  19,546 
from  the  vicinity  of  Navajo  Lake  on  the  Marka- 
gimt  Plateau. 

Habitat 

Mackenzie  lists  this  as  a  species  of  "seepy 
lake  and  river  banks  in  calcareaus  districts." 
One  of  the  Utah  specimens  was  from  a  marl  bog 
and  the  other  from  near  a  mountain  lake  in 
basaltic  formation.  Zonal  distribution  was  from 
the  mountain  brush  to  the  spruce-fir. 

60.  Carex  misandra  R.  Br.,  Chlor.  Melv. 
25.  1823. 

Plants  densely  cespitose;  culms  1-5  dm. 
high,  slender  and  erect  but  nodding  above, 
much  exceeding  leaves,  old  leaves  conspicuous 
at  base;  leaves  numerous  and  clustered  at  base, 
blades  1.5-4  mm.  wdde,  stiff,  canaliculate  below; 
terminal  spike  gynaecandrous  or  staminate, 
slender  peduncled  and  drooping;  pistillate 
spikes  2-3,  the  lower  ones  nodding  on  slender 
peduncles;  lower  bract  long-sheathing;  scales 
ovate  to  lanceolate,  thin,  blackish  with  white 
hyaline  apex,  shorter  to  equalling  perigynia; 

fierigynia  narrowly  lanceolate,  3-5  x  1-1.5  mm., 
ieht  colored  below,  purplish  black  above,  2- 
edged,  tapering  and  short  stipitate  at  base,  long 
tapering  above  to  a  long  beak,  beak  with  cil- 
iate-serrulate  margins  and  while-hyaline  apex. 
(Plate  III) 

Distribution 

General — An  arctic-alpine  species.  Alaska  to 


Greenland  south  to  northwest  Labrador,  south- 
em  Hudson  Bay,  and  Alberta.  Isolated  in  the 
mountains  of  Utah  and  Colorado. 

Utah — An  occasional  species  in  the  moun- 
tains of  Northern  Utah.  Collections  checked 
from  the  Uinta  and  Wasatch  Mountains. 

Habitat 

More  mesic  portions  of  the  open  alpine  tun- 
dra and  grasslands. 

61.  Carex  ablata  L.  H.  Bailey,  Bot.  Gaz. 
13:82,1888. 

Plants  growdng  in  dense,  medium-sized 
clumps;  cuGns  slender,  erect,  2.5-6  dm.  high, 
exceeding  leaves,  old  leaves  conspicuous  at  base; 
leaves  several,  lower  clustered  at  base,  blades 
2-5  mm.  wide,  light-green,  flat;  terminal  spike 
staminate  or  with  few  perigynia,  generally  ses- 
sile, lateral  spikes  pistillate  or  occasionally  an- 
drogynous, oblong,  the  lower  separate  on  rough, 
rather  long  peduncles,  drooping;  bracts  leaf- 
like, exceeding  culm,  long  sheathing;  scales 
ovate,  purple-black  with  lighter  center  which  is 
often  extended  dorsally  to  a  short  serrulate  tip, 
shorter  than  perigynia;  perigjoiia  lanceolate, 
3.5-5.5  X  1.25-2  mm.,  straw-colored  to  brown, 
usually  purplish  tinged,  2-ribbed,  rounded  and 
short-stipitate  at  base,  hardly  differentiated  into 
a  bidentulate  beak. 

Distribution 

General — British  Columbia  and  southward 
to  Montana,  Wyoming,  Utah,  and  Nevada. 

Utah — Species  reported  from  the  State  by 
Mackenzie,  no  Utah  material  seen. 

Habitat 

Mackenzie  lists  it  as  a  species  of  "mountain 
bogs  and  meadows." 

62.  Carex  fissuricola  Mack.,  Muhlenber- 
gia  5:53.  1909. 

Plants  densely  cespitose;  culms  5-8  dm. 
high,  erect,  much  exceeding  leaves,  old  leaves 
conspicuous  at  base;  leaves  several  per  fertile 
culm,  lower  clustered,  upper  2  or  3  separate, 
blades  3-8  mm.  wide,  striate;  terminal  spike 
staminate  or  with  few  perigynia  at  base;  pistil- 
late spikes  4-5,  upper  sessile  and  aggregated, 
lower  separate  and  peduncled;  bracts  long- 
sheathing,  with  short  leaf-like  blades;  scales 
brownish-black  with  light  midvein  extending 
beyond  to  form  an  acute  to  short-awned  apex, 
narrower  and  shorter  than  perigynia;  perigynia 
4.5-5  X  1.75-2  mm.,  ovate,  much  flattened, 
sparsely  hairy  when  young,  green,  purplish 
tinged,  ciliate-serrulate  margins,  rounded  and 
short  stipitate  at  base,  abruptly  contracted  into 
a  bidentate  beak  (Plate   II) 
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Distribution 

General — Sierra  Nevada  Mounains  of  Cali- 
fornia and  eastward  to  Nevada,  Idaho,  and 
Utah. 

Utah — Only  one  specimen  from  Utah  was 
available  for  study;  Cottam  3585  (identified  by 
Stacey)  from  the  Tushar  Plateau.  Mackenzie 
listed  it  as  a  species  of  the  Wasatch  Mountains. 

Habitat 

The  Utah  specimen  was  collected  from  a 
streamside  meadow  at  8500  feet  elevation  on 
Tushar  Plateau. 

63.  Carex    lanuginosa    Michx.,    Fl.    Bor. 
Am.  2:175.  1803. 

Plants  loosely  cespitose  with  long  horizontal 
rhizomes;  culms  2-10  dm.  high,  erect,  sharply 
triangular,  aphyllopodic,  dark-purple  base; 
leaves  2-5  to  a  culm,  blades  flat,  1.5-5  mm. 
wide,  septate-nodulose;  sheaths  purplish- tinged; 
staminate  spikes  usually  two,  slender,  long-pe- 
duncled;  pistillate  spikes  2-3,  oblong-cylindric, 
separate,  sessile  or  short  peduncled;  lower  bract 
nearly  sheathless,  exceeding  culm;  scales  red- 
dish-brown with  green  centers,  narrower  and 
longer  than  perigynia;  perigynia  2.5-4  x  1.75-2 
mm.,  densely  soft-hairy,  many  nerved,  abrupt- 
ly short-beaked,  deeply  bidentate. 

Distribution 

General — Very  widely  distributed  in  North 
America.  Alaska  to  Quebec  and  New  Bruns- 
wick and  southward  to  Virginia,  Tennessee, 
Texas,  New  Mexico,  Arizona,  and  southern 
California. 

Utah — Common  in  the  state.  Collections 
were  checked  from  the  Bear  River,  Uinta,  Was- 
atch, and  La  Sal  Mountains  and  the  Tavaputs, 
Wasatch,  and  Markagunt  Plateaus.  Also,  from 
the  intermountain  valleys  and  the  lower  Colo- 
rado River  canyons. 

Habitat 

Meadows  and  grassy  streambanks.  Zonally, 
it  may  be  found  from  the  lower  river  canyons 
upwards  to  the  aspen-fir. 

64.  Carex  limosa  L.  Sp.  PI.  977.  1753. 

Strongly  rhizomatous  with  loosely  forked 
rhizomes;  culms  2-6  dm.  high,  arising  oblique- 
ly, exceeding  the  leaves,  purplish  base,  aphyl- 
lopodic; leaves  1-3  to  a  fertile  culm,  blades  1-3 
mm.  wide,  deeply  canaliculate,  blades  of  sterile 
culms  longer  and  more  numerous;  terminal 
spike  staminate,  on  long,  slender  peduncle;  la- 
teral spikes  1-3,  pistillate,  separate,  drooping  on 
long  smooth  peduncles;  lower  bract  leaf-like, 
very  short-sheathing  or  sheathless,  auricles 
brownish;  scales  brownish,  with  prominent 
green  mid-nerve,  ovate,  as  wide  to  wider  and 


from  as  long  to  longer  than  perigynia,  often 
with  short  mucronate  tip;  perigynia  2.5-4  x  2 
mm.,  compressed-triangular,  2-edged,  promi- 
nently nerved,  truncate  at  base,  rounded  and 
minutely  beaked  at  apex. 

Distribution 

General — Alaska  to  southern  Hudson  Bay, 
Labrador  and  Newfoundland,  southward  to 
Delaware,  Indiana,  Iowa,  Saskatchewan,  Mani- 
toba, Idaho,  Utah,  Nevada,  and  California.  Also 
Eurasia. 

Utah  —  Mackenzie  lists  the  species  from 
Utah.  Maguire  also  collected  it  from  the  Uinta 
Mountains. 

Habitat 

Common  to  sphagmmi  bogs.  Maguire's  col- 
lection was  from  a  lake  edge  in  the  spruce-fir 
zone. 

65.  Carex  paupercula  Michx.,  Fl.  Bor. 
Am.  2:172.  1803. 

Loosely  cespitose  from  short  or  elongate 
rootstocks;  culms  1-8  dm.  high,  slender  and 
erect  or  bending,  old  leaves  conspicuous  at  base; 
leaves  numerous,  blades  flat,  2-4  mm.  wide; 
sheaths  red-dotted  ventrally;  terminal  spike 
staminate  or  with  few  perigynia  above,  long 
peduncled;  lateral  spikes  1-4,  pistillate  or  few 
staminate  flowers  at  base,  approximate,  on 
smooth,  slender  peduncles,  suborbicular  to  ob- 
long; lower  bract  leaf-like,  exceeding  the  in- 
florescence, slightly  sheathing;  scales  purplish- 
brown  with  greenish  mid-vein,  lanceolate  to 
ovate-lanceolate,  long  acuminate,  usually  some- 
what longer  than  perigynia;  perigynia  pale, 
2.5-3.5  x  1.5-2.25  mm.,  compressed-triangular, 
2-edged,  nerved,  stipitate  base,  rounded  and 
scarcely  beaked  at  apex.  A  varied  species. 

Distribution 

General — Alaska  to  southern  Hudson  Bay 
to  Labrador  and  Newfoundland,  southward  to 
Pennsylvania,  Michigan,  Wisconsin,  Minneso- 
ta, Saskatchewan,  British  Columbia  and  Wash- 
ington. Isolated  in  the  mountains  of  Colorado 
Utah,  and  Nevada.  Also  widespread  in  Eurasia. 

Habitat 

A  sphagnum  bog  species.  Utah  collections 
were  from  bogs  and  wet  meadows  of  the  spruce- 
fir  zone. 

66.  Carex  tolmiei  Boott,  in  Hook.  Fl.  Bor. 
Am.  2:224.  1839.  C.  podocarpa  Mack., 
not  R.  Br. )  cf.  Porsild,  Bull.  Nat.  Mus. 
Canada  121:117.  1951. 

Loosely  cespitose  from  long  rootstocks; 
culms  1-6  dm.  high,  erect,  sharply  triangular, 
old  basal  leaves  conspicuous;  leaves  nimierous, 
basal,  2.5-6  mm.   wide,   flat,   firm;   staminate 
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spikes  1-2,  short-pediincled;  pistillate  spikes  2- 
6,  short-oblong  to  obling-cylindric,  separate,  up- 
per sessile,  lower  on  slender  peduncles;  lower 
1  or  2  bracts  leaf-like,  exceeded  by  inflorescense; 
scales  usually  acute,  purplish-black  with  con- 
spicuous to  nearly  obsolete  light  mid-vein, 
snorter  than  to  slightly  exceeding  perigynia, 
perigynia  ovate,  flat,  2-5  x  1.25-3  mm.,  papil- 
lose, lightly  to  moderately  nerved,  light  green 
and  purple  blotched,  beak  about  0.2  mm.  long, 
bidentulate,  purple  tinged. 

C.  Tolmiei  can  be  separated  from  its  near- 
est relatives  in  our  area  by  its  staminate  termin- 
al spike  and  flat  perigynia. 

Distribution 

General — Alaska  to  Mackenzie  district  and 
southward  to  Wyoming,  Colorado,  Utah,  and 
Nevada. 

Utah — Uinta  Mountains. 

Habitat 

A  species  of  alpine  meadows  and  tundra. 

Forage  value 

In  areas  where  abundant,  this  sedge  is  an 
important  forage  plant.  Its  palatibility  is  mod- 
erate. It  appears  to  be  resistant  to  heavy  graz- 
ing which  could  partially  be  attributed  to  its 
rhizomatous  growth  habits  and  thus  its  ability 
to  reproduce  vegetatively. 

67.    Carex  raynoldsii  Dewev,   Am.   Jour. 
Sci,  II.  32:39.  1861. 

Loosely  cespitose  with  stout,  creeping  root- 
stocks;  culms  2-8  dm.  high,  stout,  erect,  phyl- 
lopodic;  leaves  several  per  culm,  clustered  to- 
wards base,  blades  flat,  3-8  mm.  %vide;  terminal 
spike  staminate,  sessile,  linear;  lateral  spikes 
2-4,  pistillate,  generally  approximate,  lower 
ones  on  smooth  peduncles,  oblong,  containing 
15-40  ascending  spreading  perigynia;  lower 
bract  leaf-like,  about  length  of  inflorescence; 
scales  broad,  purplish-black  with  light-colored 
centers  generally,  acute,  as  wide  as  and  shorter 
to  exceeding  perigynia;  perigynia  3.25-4.5  x 
1.75-2.5  mm.,  greenish  to  light  brown,  inflated, 
suborbicular  in  cross  section,  2-ribbed,  strongly 
nerved,  substipitate  at  base,  abruptly  contract- 
ed into  a  minute,  purple  beak.  (Plate  I) 

Distribution 

General — British  Columbia  and  Alberta  and 
southward  to  Colorado,  Utah,  Nevada,  and  Cal- 
ifornia. 

Utah — The  species  is  more  common  to  the 
northern  half  of  the  state.  Collections  have 
been  studied  from  the  Uinta  and  Wasatch 
Mountains  and  from  the  west  Tavaputs,  Wa- 
satch, and  Tushar  Plateaus. 


Habitat 

Meadows  and  open  grasslands.  Ellison  54 
listed  this  sedge  in  his  "Mixed  Upland  Herb 
Association."  This  is  a  frequent  species  within 
its  range.  Zonal  distribution  from  the  aspen- 
fir  upwards  to  the  alpine. 

Forage  value 

Its  palatability  is  relatively  high  for  both 
cattle  and  sheep.  Because  of  its  heavy  use  by 
livestock  it  has  undoubtedly  suffered  a  consid- 
erable reduction  in  population. 

68.  Carex  aboriginum  M.  E.  Jones,  Bull. 
Univ.  Mont.  61:69.  1910. 

Cespitose  vrith  very  short  rootstocks;  culms 
5-9  dm.  high,  slender,  sharply  triangular, 
smooth,  aphyllopodic;  leaves  clustered  above 
the  base,  blades  erect,  chaiuieled,  1.5-3  mm. 
wide;  terminal  spike  staminate,  on  a  slender 
peduncle;  lateral  spikes  usually  two,  upper 
sessile,  lower  on  short  peduncles,  containing 
10-30  crowded  and  ascending  perigynia;  low- 
est bract  short  and  squamiform;  scales  as  wide 
but  only  half  the  length  of  perigynia,  purplish- 
red  with  light  centers  and  hyaline  margins; 
perigynia  obtusely  triangular  in  cross-section, 
2-3.5  X  1.5-2.5  mm.,  2  ribbed  and  finely  nerved, 
abruptly  contracted  into  a  short,  flat,  bidentate 
beak. 

Distribution 

General — West  Vancouver  Island,  British 
Columbia  and  southward  to  Idaho  and  Utah. 

Utah — Only  known  in  the  state  from  the 
Bear  River  Valley  in  Cache  County. 

H.\bitat 

The  Utah  collections  were  from  wet  swales 
and  moist  meadows  of  the  Bear  River  Valley. 

69.  Carex    media    R.    Br.,    var.    Stevenii 
(Holm),  Fern.  Rhodora  44:303. 

Cespitose  in  rather  small  clumps,  culms 
0.6-6  dm.  high,  more  or  less  arch-ascending, 
sharply  triangular,  smooth  to  slightly  rough- 
ened; leaves  basal,  rather  soft,  1-3  mm.  wide, 
old  leaves  persistent;  spikes  generally  3,  term- 
inal gynaecandrous,  slightly  separate  in  a  small 
(4-10  mm.  long)  head,  sessile  to  short  (3-8  mm. 
long)  peduncled;  lower  bract  setiform  or  ob- 
solete; scales  generally  shorter  than  perigynia, 
dark  reddish-black,  wdth  narrow  to  medium 
wide  hyaline  margins,  obtuse  to  acute;  peri- 
gynia early  deciduous,  triangular,  2-3  mm. 
long,  yellowish-green  to  dark  reddish-brown, 
granular  above,  tapering  at  base,  tapering  above 
to  a  dark,  rather  conspicuous,  shallowly  bi- 
dentate beak  wth  smooth  to  scabrous  margins. 
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Distribution 

General — Mountains  of  Colorado,  Utah, 
and  Idaho. 

Utah — Specimens  have  been  studied  from 
the  Uinta  and  Wasatch  Mountains  and  from 
the  Wasatch,  Tushar,  and  Markagunt  Plateaus. 

Habitat 

This  form  has  only  been  observed  growing 
along  drainage  courses  in  spruce-fir  forests  in 
this  area.  The  sites  on  which  it  grows  may 
vary  from  wet  to  damp. 

70.  Carex  nelsonii  Mack.,  in  Rydb.  Fl.  of 
Rocky  Mts.  137.  1917. 

Loosely  cespitose;  culms  1.5-4  dm.  high, 
stiff,  erect,  phyllopodic,  old  leaves  conspicuous; 
leaves  clustered  at  base,  blades  3-6  mm.  wide, 
flat,  thick;  spikes  2-3,  closely  aggregated  into 
a  dense  head,  sessile,  terminal  gynaecandrous; 
bracts  inconspicuous;  scales  blackish,  midvein 
narrow  to  obsolete,  margins  very  narrow  to 
rather  conspicuous,  obtuse  to  acuminate,  nar- 
rower and  from  shorter  to  slightly  longer  than 
perigynia;  perigynia  3-5  x  1.5-3  mm.,  suborbi- 
cular  in  cross-section,  inflated,  greenish,  dark- 
purple  blotched,  2-ribbed,  puncticulate,  gran- 
ular, roughened  and  ciliate-serrulate  above, 
contracted  into  a  dark,  cylindric  beak,  about  1 
mm.  long  and  spinulose-toothed. 

Distribution 

General — A  species  of  the  middle  and 
southern  Rocky  Mountains  of  Wyoming,  Colo- 
rado, and  Utah. 

Utah — To  date  it  has  been  found  only  in 
the  Uinta  Mountains. 

Habitat 

Dry  to  wet  meadows  of  the  spruce-fir  and 
alpine  zones. 

71.  Carex  albo-nigra  Mack.,  in  Rydb.  Fl. 
Rocky  Mts.  137.  1917. 

Cespitose;  culms  1-3  dm.  high,  stiffly  erect, 
sharply  triangular,  phyllopodic,  old  leaves  con- 
spicuous; leaves  basal,  blades  2.5-5  mm.  wide, 
flat,  firm;  spikes  three,  upper  approximate  and 
sessile,  lower  on  a  short  peduncle  and  slightly 
separate,  terminal  spike  gynaecandrous  and 
clavate  at  base;  lower  bract  leaf-like,  about 
equal  to  inflorescence;  scales  broadly  ovate, 
purplish-black  with  conspicuous  white-hyaline 
margins  and  apex,  as  wide  or  wider  and  about 
length  of  perigynia;  obtuse  to  acutish;  peri- 
gynia triangular  or  rounded  to  somewhat  flat- 
tened in  cross-section,  (2)  2.5-4  x  1.4-2.25  mm., 
granular,  purplish-black,  rounded  at  base  and 
apex,  beak  short,  shallowly  bidentate,  or  from 
entire  to  spinulose  at  apex.  This  species  is  char- 
acterized by  its  relatively  large,  broad,  usually 


blunt  scales  with  a  conspicuous  white-hyaline 
margin  and  apex. 

Distribution 

General — Washington  to  Alberta  and  south- 
ward to  Colorado,  Arizona,  and  California. 

Utah — This  sedge  has  been  collected  pri- 
marily from  the  Uinta,  La  Sal,  and  Deep  Creek 
Mountains  where  it  has  frequent  occurrence. 
One  specimen  from  the  Tushar  Plateau  was 
also  studied. 

Habitat 

A  species  of  high  mountain  slopes  and  sum- 
mits. It  is  often  an  important  constituent  of 
tundra  communities.  Occasionally  it  is  a  wet 
meadow  inhabitant. 

72.  Carex   pelocarpa   Hermann,   Rhodora 
39:492.  1932. 

Cespitose;  culms  2.5-4.1  dm.  high,  sharply 
triangular,  smooth,  slender,  nodding;  leaves 
3-6  to  a  fertile  cidm,  mostly  basal,  blades  1.5-4 
mm.  wide,  flat,  firm;  spikes  2-5,  closely  aggre- 
gated into  a  dense  head,  terminal  spike  gynae- 
candrous; bracts  one  and  occasionally  two  be- 
low head,  not  exceeding  inflorescence;  scales 
oblong-lanceolate,  pointed,  dark-reddish-purple, 
narrower  and  from  shorter  to  as  long  as  per- 
igynia or  may  exceed  perigynia  near  apex; 
perigynia  broad,  3.5-4.5  x  2-3  mm.,  flat,  smooth, 
dark  purple,  glossy,  rounded  base  and  apex, 
beak  short  (0.5-1  mm.),  bidentate,  dark; 
achene  long-stipitate.  To  quote  Hermann  "Its 
large,  dark  and  glistening  heads  nodding  on 
slender  flexuose  culms  are  a  striking  character- 
istic in  the  field." 

Distribution 

General — Montana  and  Idaho  and  south- 
ward to  Wyoming  and  Utah. 

Utah — Possibly  confined  to  the  Uinta 
Mountains. 

Habitat 

Hermann  lists  C.  pelocarpa  as  a  frequent 
species  above  timber  line.  It  grows  in  more  or 
less  dry  sites  which  includes  the  alpine  tundra 
and  barren  slopes.  It  appears  occasionally  along 
the  upper  portion  of  the  Bald  Mountain  trail, 
growing  among  the  rocks. 

73.  Carex  nova  L.  H.  Bailey,  Jour.  Bot. 

26:322.  1888. 

Cespitose;  culms  1.5-6  dm.  high,  stiffly 
erect,  head  nodding,  sharply  triangular,  smootli 
or  rough,  phyllopodic,  old  leaves  conspicuous; 
leaves  chiefly  basal,  blades  flat,  firm,  2.5-6  mm. 
wide;  spikes  3-4,  sessile,  closely  aggregated 
into  a  dense  head,  terminal  gynaecandrous, 
lateral    pistillate,    perigynia   widely   spreading 
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at  maturity;  bract  somewhat  below  the  head; 
scales  varied,  purple-black  with  narrow  hyaline 
margins,  occasionally  with  lighter  midvein, 
narrower  and  from  shorter  to  about  the  length 
of  perigynia;  perigynia  flat,  3-5  x  1.5-3.5  mm., 
granular,  sparsely  ciliate-scabrous,  purple- 
black  with  green  margins  and  straw-colored 
base,  round  to  somewhat  pointed  at  base, 
rounded  above,  beak  short  (0.5-1  mm.),  sharp- 
ly bidentate,  entire  to  erose-cilliate  at  apex, 
purple-black. 

Distribution 

General — Rocky  Mountains  from  Montana 
southward  to  New  Mexico  and  Utah. 

Utah — Collections  indicate  that  C.  nova  is 
a  frequent  species  on  the  Uinta  and  La  Sal 
Mountains  and  is  found  occasionally  on  the 
Bear  River  and  Wasatch  Mountains  and  the 
Tushar  Plateau. 

Habitat 

Normally  found  growing  along  streams  and 
in  mountain  meadows.  It  may  also  be  found  in 
alpine  grasslands.  Elevational  distribution  is 
from  the  spruce-fir  to  alpine  zones. 

74.    Carex  bella  L.   H.   Bailey,  Bot.  Gaz. 
17:152.  1892. 

Cespitose;  culms  3-6  dm.  high,  very  slender 
and  often  drooping,  sharply  triangular  and 
rough  above,  old  leaves  conspicuous;  leaves  on 
lower  half  of  culm,  blades  2-6  mm.  wide,  flat, 
firm,  erect;  ventral  sheath  reddish-brown  or 
dotted;  spikes  3-4,  cylindrical,  approximate, 
terminal  one  nearly  sessile  and  gynaecandrous, 
lateral  ones  usually  drooping  on  long  peduncles, 
occasionally  nearly  sessile,  pistillate  but  gen- 
erally with  few  staminate  flowers  at  base; 
scales  ovate,  obtuse  to  acuminate,  dark  purplish- 
brown,  generally  with  light-colored  centers  and 
shining  white-hyaline  margins,  shorter  than 
perigynia;  perigynia  flattish  to  triangular  in 
cross-section,  oval,  2.7-4.1  x  1.7-2  mm.,  green- 
ish, some  purplish  tinged,  smooth,  rounded  to 
rather  pointed  at  base,  contracted  to  a  beak 
about  0.3  mm.  long,  purplish  to  brownish,  shal- 
lowly  bidentate. 

Distribution 

General — Montana  and  South  Dakota, 
southward  down  the  Rocky  Mountains  to  New 
Mexico,  Arizona,  and  Mexico. 

Utah — An  occasional  species  of  the  higher 
elevations  of  Utah.  Collections  studied  were 
from  the  Uinta,  La  Sal,  Abajo,  Henry,  and  Deep 
Creek  Mountains  and  from  the  Fishlake,  Aquar- 
ius, Tushar,  and  Markagunt  Plateaus. 

Habitat 

This  species  requires  rather  moist  sites  and 
is  found  most  commonly  along  streams  and  in 


damp  woods.  Its  elevational  range  extends  from 
the  aspen-fir  upwards  to  the  lower  alpine  zone. 

Forage  value 

Because  of  this  sedge's  scattered  occurrence, 
it  does  not  contribute  much  as  a  forage  plant. 
It  is,  however,  highly  palatable  to  all  classes  of 
livestock.  Observations  would  indicate  that  it 
is  equal  in  palatability  to  the  better  native  blue- 
grasses. 

75.  Carex  epapillosa  Mack.,  in  Rydb.  Fl. 
Rocky  Mts.  138.  1917. 

Densely  cespitose;  culms  1.5-6  dm.  high, 
erect,  sharply  triangular,  smooth,  phyllopodic, 
old  leaves  conspicuous;  leaves  on  lower  fourth 
of  culm,  blades  flat,  2-7  mm.  wide,  stiff,  erect; 
spikes  3-6  oval,  terminal  gynaecandrous,  lat- 
eral pistillate,  upper  aggregated,  lower  on  ped- 
uncles 3-10  mm.  long;  lower  bract  leaf-like, 
shorter  than  head;  scales  blackish  with  light 
midveins,  pointed,  narrower  and  about  length 
of  perigynia;  perigynia  oval,  flat,  except  where 
distended  by  achene,  3-4.5  x  1.75-3  mm.,  punc- 
ticulate,  very  smooth,  greenish  or  with  purple 
blotches,  rounded  at  base  and  apex,  beak  about 
0.5  mm.  long,  bidentate,  purple;  achene  strong- 
ly stipitate. 

Distribution 

General — Oregon  to  Montana  and  south- 
ward to  Colorado,  Utah,  Nevada,  and  Californ- 
ia. 

Utah — This  sedge  is  widely  distributed  in 
the  state  but  is  rather  sparse.  Collections  studi- 
ed were  from  the  Uinta,  Wasatch,  and  La  Sal 
Mountains  and  from  the  Aquarius  and  Tushar 
Plateaus.  The  type  species  was  from  the  Tu- 
shar Plateau. 

Habitat 

Generally  found  in  seeps  and  meadows,  oc- 
casionally found  in  damp  shade.  Elevational 
range  is  from  the  aspen-fir  belt  upwards  to  the 
lower  alpine  zone. 

76.  Carex  chalciolepis  Hohn,  Am.   Jour. 
Sci.  IV.  16:28,29.  f.1-5.  1903. 

Densely  cespitose;  culms  2-7.5  dm.  high, 
slender,  weak,  nodding  or  reclining,  sharply 
triangular,  old  leaves  conspicuous;  leaves  on 
lower  half  of  culm,  lower  bunched,  blades  2.5-6 
mm.  wide,  erect,  stiff,  flat;  spikes  2-4,  terminal 
gynaecandrous,  lateral  pistillate,  aggregated  or 
lower  separate,  sessile  to  short  peduncled,  per- 
igynia appressed-ascending;  lower  bract  leaf- 
like, from  shorter  to  longer  than  inflorescence; 
scales  reddish-brown  to  blackish-purple  with 
narrow  to  rather  conspicuous  hyaline  margins, 
midrib  inconspicuous,  lanceolate,  acute  or  ac- 
uminate, thin,  much  narrower  but  exceeding 
perigynia;   perigjTiia  3-5  x   1.5-3  mm.,  broad, 
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flat,  granular  or  papillose  above,  dark  purple 
or  with  green  margins,  sparsely  ciliate-serrulate 
on  margins,  beak  about  0.5  mm.  long,  emargi- 
nate,  dark  purple;  achenes  very  short  stipitate. 

C.  chalciolepis  is  similar  and  closely  related 
to  C.  atrata.  Kukenthal  in  his  treatment  of  the 
group  gave  the  former  variatel  status. 

Distribution 

General — Wyoming  and  Colorado  and  west- 
ward to  northern  Arizona  and  eastern  Nevada. 

Utah — Widely  distributed  in  the  higher 
elevations  of  the  state.  Collections  indicate  that 
it  is  a  frequent  species  on  the  Uinta  and  La 
Sal  Mountains  and  has  an  occasional  occur- 
rence on  the  Wasatch  and  Deep  Creek  Moun- 
tains and  on  the  Fishlake  and  Tushar  Plateaus. 

Habitat 

The  site  requirements  of  C.  chalciolepis  ap- 
pears to  be  rather  varied.  It  grows  along  streams 
and  in  meadows  or  on  open  mountainsides  and 
exposed  summits. 

Forage  value 

Moderately  palatable  to  both  sheep  and  cat- 
tie. 

77.    Carex  atrata  L.,  Sp.  PL  976.  1753. 

Cespitose;  culms  1.5-5  dm.  high,  stiff  below, 
slender  and  nodding  above,  sharply  triangular, 
phyllopodic,  old  leaves  conspicuous;  leaves  bas- 
al, blades  flat,  2-8  mm.  wide,  stiff,  papillose, 
ventral  sheaths  high-convex  at  mouth;  spikes 
3-7,  approximate  or  lowest  little  separate,  long 
or  short  peduncled,  terminal  and  often  upper 
ones  gynaecandrous,  lower  pistillate,  lower 
bract  leaf-like,  from  shorter  to  exceeding  head; 
scales  ovate,  black,  brownish-black  or  purplish- 
black,  fading  with  age,  occasionally  with  light 
midvein  and  narrow  hyaline  margins,  about 
as  wdde  and  shorter  to  slightly  longer  than  per- 
igynia;  perigynia  3-4.5  x  1.5-3  mm.,  broad, 
flat,  brownish,  purple-blotched,  papillose-mar- 
gined, beak  about  0.5  mm.  long,  emarginate, 
purple-tipped;  achene  short  stipitate.  (Plate  III) 

Distribution 

General — A  circumpolar  species  ranging  in 
North  America  from  Greenland  to  Alberta  and 
southward  to  Colorado,  Utah  and  Nevada. 

Utah — Relatively  common  through  the 
higher  elevations  of  the  Uinta  Mountains.  Lim- 
ited collections  were  seen  from  the  Wasatch 
Mountains  and  the  Tushar  Plateau. 

Habitat 

Principally  a  species  of  meadow  edges  and 
high  grasslands.  Hay  ward  (1952)  listed  it  in 
his  subclimax  community.  Zonal  range  is 
through  the  spruce-fir  and  alpine. 


Forage  value 

Limited  observations  would  indicate  that 
this  sedge  has  a  palatability  higher  than  that 
of  slender  wheatgrass.  Where  observed  on  sheep 
range,  it  had  been  moderately  utilized. 

78.  Carex  buxbaumii  Wahl.,   Sv.   Vet. — 
Akad.  Nya  Handl.  24:163.  1803. 

Loosely  cespitose  with  long,  slender  rhiz- 
omes; culms  2-10  dm.  high,  erect,  very  slender, 
aphyllopodic,  shai-ply  triangular  and  rough 
above,  lower  sheaths  breaking  to  form  a  fila- 
mentose  base;  leaf  blades  1.5-4  mm.  wide, 
sharply  keeled,  flat,  erect,  thin;  sheaths  purple- 
dotted  ventrally;  spikes  2-5,  approximate  or 
lower  separate,  terininal  gynaecandrous  and 
short  peduncled,  lateral  pistillate  and  sessile; 
bracts  squamiform,  may  be  as  long  as  inflores- 
cence; scales  lanceolate,  nan-ower  and  usually 
longer  than  perigynia,  purple-black  or  purple- 
brown  with  light  midvein;  perigynia  2.5-5  x 
1.5-3  mm.,  triangular-biconvex,  glaucous-green, 
densely  papillose,  beak  about  0.2  mm.  long, 
bidentate,  purple  tipped. 

Distribution 

General — Alaska  to  Newfoundland  and 
southward  to  Georgia,  Missouri,  Colorado, 
Utah,  Nevada,  and  California. 

Utah — Both  Mackenzie  and  Hulten  show 
this  species  as  occuring  in  Utah.  Apparently  it 
is  rather  rare  as  no  material  was  found  in  any 
of  the  state  herbaria. 

Habitat 

A  plant  of  sunny  slopes  and  meadows  of 
lower  and  mid-elevations. 

79.  Carex    bigelowii    Torr.,    Schw.    Ann. 
N.  Y.  1:67.  1824.  (C.  concolorK  Br.) 

Strongly  rhizomatous;  culms  stout,  1-4  dm. 
high,  erect,  sharply  triangular,  strongly  phyl- 
lopodic with  old  leaves  conspicuous;  leaves 
numerous  and  clustered  near  base  of  fertile 
culm,  blades  2-6  mm.  wide,  thickish,  blue-green, 
papillate;  terminal  spike  staminate  or  rarely 
with  a  few  perigynia,  usually  strongly  pedunc- 
led; upper  lateral  spikes  often  wdth  staminate 
apex,  lower  ones  short  peduncled  and  pistillate; 
lower  bract  leaf-like,  generally  shorter  than 
cubn,  black  auricled;  scales  oblong-obovate,  ob- 
tuse to  acute,  lighter  midrib  narrow  or  obsolete, 
strongly  puncticulate,  usually  longer  and  wid- 
er than  perigynia;  perigynia  unequally  bicon- 
vex, 2-4  X  1-2  mm.,  2-ribbed,  light  colored  with 
purple-black  blotches  above,  rounded  at  base, 
abruptly  and  minutely  beaked. 

Distribution 

General — Widely  distributed  in  northern 
North  America  from  Alaska  to  Greenland  and 


37 


southward  in  the  higher  mountains  to  New 
Hampshire.  Alberta  and  British  Columbia.  Is- 
olated in  the  high  mountains  of  Colorado,  Idaho 
and  Utah. 

Utah — Collections  checked  from  the  Uinta 
and  Wasatch  Mountains. 

Habitat 

Mackenzie  lists  the  species  from  "sunny, 
rocky  shores  and  exposed  places."  Utah  collec- 
tions were  from  meadows  of  the  spruce-fir  zone. 

80.  Carex  scopulorum  Holm,  Am.   Jour. 
Sci  IV.  14:421,422.  f.  1-6.  1902. 

Strongl}'  rhizomatous  %vith  stout,  purplish- 
red  rhizomes;  culms  1-4  dm.  high,  stiffly  erect, 
sharply  triangular,  old  and  new  leaves  numer- 
ous at  base;  left  blades  flat,  2-7  mm.  wide;  ter- 
minal spike  usually  staminate  but  often  partly 
pistillate,  sessile  or  short-peduncled;  lateral 
spikes  2-6,  closely  aggregated  or  occasionally 
separate,  pistillate  or  upper  androgynous,  per- 
igynia  squarrose-spreading;  lower  bract  squam- 
iform,  short,  black  auricled;  scales  usually  ob- 
tuse, black,  narrow  with  hyaline  margins,  nar- 
rower than  and  from  shorter  to  as  long  as  per- 
igynia;  perigynia  biconvex  and  turgid.  2.5-4  x 
1.5-2  mm.,  papillose,  red-dotted,  pale  at  base  but 
purplish-black  blotched  above,  may  be  remote- 
ly serrulate  above,  beak  0.2-0.5  mm.  long,  en- 
tire and  often  abruptly  bent. 

Distribution 

General — Rockies  from  Montana  to  Colora- 
do and  westward  to  the  Sierra  Nevada  and 
Cascade  ranges. 

Utah— The  only  record  of  this  species  avail- 
able was  McMillan's  listing  from  the  Deep 
Creek  Moimtains.  This  species  was  collected  by 
the  author  in  Cassia  County,  Idaho,  not  far 
from  the  northwest  corner  of  Utah. 

Habitat 

Streambanks  associated  wth  willow.  The 
Idaho  plant  was  found  growing  along  a  small 
stream  in  open  lodgepole  pine  and  occup;ydng 
the  drier  portion  of  the  bank. 

81.  Carex  campylocarpa  Holm,  ssp.  aj fi- 
nis Mag.  and  Holmg.,  Leafl.  West. 
Bot.  14;262.  1946. 

Plants  rhizomatous  \\-ith  stout  (3-4  mm. 
thick),  light  tan,  scaly  rhizomes,  roots  covered 
with  a  silvery-gray  felt;  culms  singly  or  few  in 
clumps,  3.8-4  dm.  high,  sharply  triangular  and 
slightly  roughened  above,  aphyllopodic,  light 
tan  at  base,  old  leaves  persistent;  leaves  about 
5  per  fertile  culm,  light  green,  flat,  rather  thin 
and  soft,  blades  up  to  7  mm.  wide;  lower  bract 
leaf-like,  shorter  to  exceeding  the  inflorescence. 


not  sheathing;  spikes  generally  about  7,  upper 
1-3  staminate  or  often  androgynous,  center  1 
or  2  androgynous,  lower  2-3  pistillate,  upper 
aggregated,  lower  separate;  scales  blackish-pur- 
ple, with  wide  to  naiTOw  light  midribs,  not  ex- 
tending to  tip,  obtuse  to  acutish,  narrower  and 
from  shorter  to  as  long  as  perigynia;  perigynia 
2.7-3.5  mm.  long,  straw-colored  to  light  brown, 
dark  brown  or  pui-plish  tinged  above,  obovate, 
rather  plump  when  mature,  nerveless  except 
for  margins,  rounding  or  tapering  to  a  substip- 
itate  base,  abruptly  minutely  beaked,  beak  us- 
ually with  a  ciliate  orifice;  stigma  2  or  3. 

Distribution 

General — Typically  this  is  a  species  of  the 
Cascade  Mountains  of  Oregon  and  Washington. 

Utah — The  subspecies  is  known  only  from 
the  Deep  Creek  Mountains  (Mag.  and  Holmg. 
21949,  Intermountain  Herbariimi). 

Habitat 

Wet  boggy  soils  of  the  spruce-fir  zone.  A 
locally  frequent  species. 

82.    Carex  kelloggii  W.  Boott,  in  S.  Wats. 
Bot.  Calif.  2:240.  1880. 

Cespitose  in  large  clumps;  culms  1-6  dm. 
high,  old  and  new  leaves  conspicuous  at  base; 
leaf-blades  flat  above,  light  green,  1.5-3  mm. 
wide;  sheaths  thin- white  hyaline,  yellowish 
brown  dotted  ventrally;  terminal  spike  stam- 
inate, rarely  with  few  perigynia,  peduncled; 
lateral  spikes  3-5,  pistillate,  slightly  separate; 
lower  bract  leaf-like,  exceeding  the  inflores- 
cence; scales  dark-purplish-brown  with  broad 
light  centers,  obtuse  to  acuminate,  narrower 
than  and  from  shorter  to  nearly  length  of  peri- 
gynia; perigynia  ovate,  1.5-3  x  1-2  mm.,  early 
deciduous,  light  green,  2-ribbed,  several  nerved, 
often  substipitate  at  base,  abruptly  short  beaked, 
beak  entire  and  black-tipped.  (Plate  III) 

It  separates  from  C.  nebraskensis  which  al- 
so has  a  nerved  perigynia  in  its  lack  of  long 
horizontal  rootstocks  often  smaller  perigynia, 
shorter  beak  with  entire  orifice. 

Distribution 

General — Alaska  and  southward  to  British 
Colvimbia  and  Alberta  and  to  Colorado,  Ariz- 
ona, Nevada,  and  California. 

Utah — Collections  would  indicate  that  C. 
kelloggii  is  a  rather  frequent  species  in  the 
northern  part  of  the  State  but  rare  in  the  south. 
Most  of  the  specimens  seen  were  from  the  Bear 
River,  Wasatch,  and  Uinta  Mountains.  Only 
one  specimen,  from  the  Aquarius  Plateau,  came 
from  the  southern  part  of  the  state. 

Habitat 

Grows  in  marshes,  lake  edges  and  stream- 
side  meadows.  It  is  somewhat  of  a  pioneer  in 
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that  it  often  occupies  the  strip  at  the  water's 
edge  or  even  extends  into  shallow  water.  It  is 
often  locally  abundant.  Zonal  preferences  in 
Utah  is  from  the  aspen-fir  to  the  spruce-fir 
zones. 

83.  Car  ex  nebraskensis  Dewey,  Am.  Jour. 
Sci.  II.  18:102.  1854. 

Strongly  rhizomatous.  Rhizones  long,  hor- 
izontal, stout,  light-colored;  culms  2-12  dm. 
high,  old  leaves  conspicuous,  usually  brownish 
at  base;  leaves  mmierous,  blades  3-8  mm.  wide, 
light-green  to  glaucous-green,  septate-nodulose; 
staminate  spike  one  or  with  an  additional  small- 
er one  at  its  base,  peduncled;  lateral  spikes 
2-5,  pistillate,  cylindrical,  sessile  to  peduncled, 
the  lower  may  be  somewhat  separate;  lower 
bract  leaf-like,  usually  exceeding  inflorescence; 
scales  lanceolate,  from  shorter  to  much  exceed- 
ing the  perigynia,  purplish  or  brovmish-black 
with  a  light  center,  often  extending  to  a  serru- 
late awn  or  tip;  perigynia  2.7-3.7  x  1.5-2.5  mm., 
straw-colored,  strongly  many  ribbed,  beak  0.5- 
1  mm.  long,  bidentate,  sometimes  with  spiny 
apex;  stigma  generally  2,  occasionally  3.  (Plate 
11) 

Distribution 

General — British  Columbia  and  southward 
to  South  Dakota,  Kansas,  New  Mexico,  Arizona, 
Nevada,  and  California. 

Utah — This  is  one  of  the  most  common  and 
widely  distributed  sedges  in  the  state.  Either 
collections  have  been  checked  or  the  plant  ob- 
served in  the  field  on  all  of  the  major  physio- 
graphic units  with  the  exception  of  the  Stans- 
bury,  Henry  and  Abajo  Mountains.  More  like- 
ly than  not  it  can  also  be  fotind  on  those  units. 

Habitat 

Nebraska  sedge  is  a  species  of  swamps  and 
wet  meadows  mostly  of  the  intermountain  val- 
leys and  upwards  to  mid-elevations.  Occasional- 
ly it  is  found  in  the  spruce-fir  zone.  Character- 
istically, it  grows  in  nearly  pure  stands. 

Forage  value 

Because  of  its  common  occurrence,  this 
sedge  furnishes  considerable  forage  both  as  a 
hay  crop  and  for  grazing.  Its  palatability  is 
moderate  when  compared  with  the  better  gras- 
ses, yet  under  heavy  grazing  pressure,  it  may  be 
completely  consumed. 

84.  Carex  aquatilis  Wahl.,  Sv.-Vet.  Akad. 
NyaHandl.  24:165.  1883. 

Cespitose  with  long  slender  rhizomes;  culms 
erect,  5-10  dm.  tall,  rather  slender,  obtuse-tri- 
angular and  usually  smooth,  leafy  and  reddish- 
tinged  at  base;  leaf  blades  2-5  mm.  wide,  flat 
or  channeled  at  base,  light-green  or  glaucous- 
green;    sheaths    septate-nodulose   dorsally   and 


thin,  whitish  to  purple  ventrally;  terminal 
spike  staminate  and  peduncled,  usually  with  a 
smaller  sessile  one  at  base,  lateral  spikes  2-4, 
pistillate  or  upf>er  ones  androgynous,  cylindri- 
cal, erect,  peduncled,  containing  20-100  appres- 
sed-erect  perigynia;  lower  bract  leaf-like,  nor- 
mally exceeding  culm;  scales  blackish-brown 
or  purplish,  usually  with  lighter  center,  ovate 
to  obovate,  narrower  than  and  from  shorter  to 
longer  than  perigynia;  perigynia  biconvex  flat- 
tened, not  turgid,  2-3  x  1-2  mm.,  light-green 
to  straw-colored,  glandular-dotted,  nerveless, 
abruptly  contracted  into  a  short,  entire  beak. 
(Plate  II) 

Distribution 

General — Alaska  to  Labrador  and  New- 
foundland and  southward  to  New  York  and 
Illinois.  In  the  West  to  Colorado,  New  Mexico, 
Arizona,  Nevada  and  California. 

Utah — Widespread  and  rather  common 
throughout  the  state.  It  is  especially  common 
in  the  Uinta  Mountains.  Specimens  checked 
were  from  the  Bear  River,  Uinta,  Wasatch, 
and  La  Sal  Mountains  and  from  the  Wasatch, 
Sevier,  Aquarius,  and  Markagunt  Plateaus. 

Habitat 

A  species  of  very  wet  sites.  It  grows  in  nearly 
pure  stands  in  meadows  and  often  occupies  the 
water's  edge  of  lakes  and  sluggish  streams. 

Forage  value 

Moderately  palatable.  Cattle  and  horses 
vrill  graze  it  heavily  in  pastures  and  on  over- 
grazed ranges. 

85.    Carex   hystricina   Muhl.,   Willd.    Sp. 
PI.  4:282.  1805. 

Cespitose  with  few  long  slender  rhizomes; 
cuhns  slender,  erect,  1.5-10  dm.  high,  exceeded 
by  bracts  and  often  by  upper  leaves,  old  leaves 
conspicuous  at  base  of  central  culms;  basal 
sheaths  filamentose;  leaf-blades  2-10  mm.  wide, 
flat,  thin,  flaccid,  septate-nodulose;  terminal 
spike  staminate,  slender  peduncled,  usually 
with  a  conspicuous  bract;  lateral  spikes  1-4, 
pistillate,  the  lower  nodding  on  long  rough 
peduncles,  containing  numerous  spreading  per- 
igynia; scales  light-colored,  rough-awned,  early 
deciduous;  perigynia  narrowly  ovoid,  5-7  x  1-2 
mm.,  greenish,  membranaceous,  shiny,  conspic- 
uously veined,  narrowing  to  a  slender  and  deep- 
ly bidentate  beak. 

Distribution 

General — Trans-United  States  and  South- 
em  Canada  and  southward  to  District  of  Col- 
umbia, Tennessee,  Oklahoma,  Texas,  New  Mex- 
ico, Arizona,  and  California. 

Utah — Probably  confined  to  the  lower  Colo- 
rado Canyon  in  Utah.  Two  collections  were  ex- 
amined; "Rydberg  and  Garrett  8494  from  the 
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Colorado  River  Canyon  below  Moab  and  Holm- 
gren and  J.M.G.  9984  from  the  lower  Colorado 
River  in  San  Juan  County. 

Habitat 

In  our  area  it  is  frequent  along  the  canyon 
bottoms  in  wet,  sandy  soils. 

86.    Carex  antherodes  Spreng.,  Syst.  3:827. 
1826. 

Cespitose  with  long,  slender  horizontal 
rhizomes;  culms  3-15  dm.  high,  rather  stout, 
sharply  triangular,  aphyllopodic,  filamentose 
at  base  (lower  sheaths);  leaf-blades  3-12  mm. 
wide,  flat,  thin,  dull-green,  septate-nodulose 
and  hairy  towards  base;  sheaths  soft  hairy; 
staminate  spikes  2-6,  slender,  rarely  with  a  few 
perigynia;  lateral  spikes  2-4,  pistillate  or  up- 
per often  androgynous,  widely  separated  and 
short  peduncled,  containing  30-100  ascending- 
spreading  perigynia;  lower  bract  strongly 
sheathing  and  exceeding  the  culm;  scales  dull 
brown,  awned,  short-ciliate,  shorter  to  longer 
than  perigynia;  perigynia  lanceolate  to  ovate- 
lanceolate,  7-10  X  2-3  mm.,  glabrous,  ribbed, 
tapering  into  a  strongly  bidentate  beak  with 
teeth  1 .2-3  mm.  long. 

Distribution 

General — Yukon  and  Mackenzie  to  the  St. 
Lawrence  River  and  southward  to  New  Jersey, 
Pennsylvania,  Ohio,  Illinois,  Missouri,  Nebras- 
ka, Colorado,  Utah,  Nevada,  and  Oregon.  Also 
Eurasia. 

Utah — Specimens  examined  from  Utah 
were  from  Cache  Valley,  from  around  Utah 
Lake,  and  from  Fish  Lake  on  the  Fishlake  Pla- 
teau. 

Habitat 

A  marshland  plant.  Utah  collections  were 
from  around  fresh  water  lakes  and  along  riv- 
ers, from  intermountain  valleys  to  the  aspen- 
fir  zone. 

87.    Carex  sheldonii  Mack.,  Bull.  Torrey 
Club  42:618.  1915. 

Loosely  cespitose  and  strongly  rhizomatous; 
culms  5-10  dm.  high,  phyllopodic,  angles  obtuse 
and  smooth;  leaves  on  lower  fourth  of  culm, 
blades  3.5-6  mm.  wide,  flat,  light-green,  sparse- 
ly short  pubescent;  sheaths  hyaline  ventrally, 
dark-tinged  at  edge,  lower  ones  filamentose; 
pistillate  spikes  2-3,  widely  separate,  contain- 
ing 25-60  closely  packed  perigynia;  bracts  leaf- 
like, the  lower  sheathing  and  exceeding  the 
perigynia;  scales  ovate-lanceolate,  acute  to 
awTied,  purplish-browTi,  thin  towards  edges, 
nerved,  staminate  scales  erose  at  apex;  peri- 
gynia ovate-lanceolate,  5-6  x  2  mm.,  little  in- 
flated, short-pubescent,  nerved,  tapering  into 
a  purplish-red,  deeply  bidentate  beak. 


Distribution 

General — Oregon  and  Idaho  southward  to 
Utah  and  northern  California. 

Utah — Mackenzie  lists  this  species  as  oc- 
curring in  the  state.  No  specimen  has  been 
seen. 

Habitat 

A  marsh  species. 

88.    Carex  physocarpa  Presl.  Rel.  Haenk. 
1:205.  1828. 

Culms  arising  singly  or  few  together  from 
long-creeping  rootstocks,  slender,  erect,  1.5-8 
dm.  high,  purplish-red  at  base;  leaf-blades  light- 
green,  stiff,  flat,  1.5-5  mm.  wide;  basal  sheaths 
shredding;  terminal  spike  staminate,  strongly 
peduncled,  often  with  an  additional  sessile 
staminate  spike  at  its  base;  lateral  spikes  1-3, 
strongly  separate  on  slender  peduncles,  con- 
taining 20-75  perigynia;  scales  ovate-lanceo- 
late, acute  to  acuminate,  purple-black  with  a 
conspicuous  white-hyaline  apex,  shorter  than 
perigynia;  perigynia  3-5  x  1.75-2.25  mm.,  sub- 
orbicular  in  cross-section,  not  inflated,  smooth, 
shining,  brown,  purple  or  black-tinged,  beak 
0.5-1  mm.  long;  style  usually  bent  downward 
against  the  achene;  stigma  2,  rarely  3. 

This  species  has  been  confused  with  C.  sax- 
atilis  L.  to  which  it  is  closely  related.  Some 
early  collections  from  the  Uinta  Mountains 
were  referred  to  that  species. 

Distribution 

General — Alaska  to  northern  Hudson  Bay 
and  southward  to  Colorado,  Utah,  and  Nevada. 
Also  Asia. 

Utah — It  is  one  of  the  more  common  sedges 
of  the  Uinta  Mountains.  It  has  also  been  col- 
lected from  the  Aquarius  and  Markagunt  Plat- 
eaus. 

Habitat 

C.  physocarpa  is  a  wet  meadow  species  gen- 
erally; however,  it  may  ossasionally  extend  in- 
to somewhat  drier  sites  at  higher  elevations. 
Often  it  is  found  growing  at  the  water's  edge 
in  nearly  pure  stands.  As  a  sedge-grass  meadow 
component,  it  may  be  associated  with  a  large 
number  of  species.  Where  growing  in  drier, 
more  exposed  sites  its  growth  form  may  be 
similar  to  that  of  C.  saxatilis. 

Forage  value 

Palatability  is  low.  When  observed  on  the 
Aquarius  Plateau  (Beaf  Meadows),  its  use 
was  very  light  when  other  sedges  and  grasses 
were  almost  completely  consumed  by  cattle. 
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89.  Carex  retrorsa  Schw.,  Ann.  Lye.  N.  Y. 
1:71.  1824. 

Densely  cespitose  with  very  short  root- 
stocks;  culms  stout,  stiff,  2-10  dm.  high,  obtuse- 
ly triangular;  leaves  exceeding  inflorescence, 
blades  thin,  firm,  flat,  3-10  mm.  wide;  sheaths 
long,  loose,  cross-rugulose  ventrally;  staminate 
spikes  1-4,  often  with  few  perigynia,  linear, 
peduncled;  pistillate  spikes  3-8,  lower  may  be 
separate  and  long  peduncled,  containing  num- 
erous wddely  spreading  perigjiiia;  bracts  leaf- 
like,  much  exceeding  inflorescence,  lower  one 
sheathing;  scales  light-colored,  lanceolate,  nar- 
rower than  and  from  shorter  to  equaling  peri- 
gynia; perigynia  ovoid,  tan,  7-10  x  3-4  mm., 
much  inflated,  glabrous,  shining,  coarsely  ner- 
ved, contracted  into  a  slender,  conic,  bidentate 
beak. 

Distribution 

General — British  Columbia  to  Quebec  and 
Nova  Scotia  and  southward  to  New  Jersey, 
Ohio,  Indiana,  Iowa,  Colorado,  Utah,  and  Nev- 
ada. 

Utah — A  rare  species  in  Utah.  Only  known 
by  the  author  from  Garrett  No.  6915G  fi-oin 
the  lower  Weber  River  in  Weber  County. 

Habitat 

Mackenzie  lists  it  as  a  plant  of  "swampy 
woodland." 

90.  Carex  vesicaria  L.  Sp.  PI.  979.  1753. 

Loosely  cespitose  with  stout,  short-creep- 
ing rootstock;  culms  3-10  dm.  high,  obliquely 
ascending  (Leafl.  West.  Bot.  VI:  110.  1951), 
slender  to  stout,  acutely  angled  and  rough 
above,  aphyllopodic;  leaf-blades  flat,  3-7  mm. 
wide,  septate-nod idose;  staininate  spikes  2-4, 
slender,  upper  peduncled,  lower  ones  may  be 
androgynous;  pistillate  spikes  2-4,  cylindric, 
sessile  to  short  peduncled,  separate,  contain- 
ing numerous  ascending-spreading  perigynia; 
lower  bract  leaf-like,  exceeding  inflorescence; 
scales  ovate  to  lanceolate,  acute  to  short-awned, 
narrower  and  from  half  to  as  long  as  perigynia; 
perigynia  4-8  x  3-4  mm.,  inflated,  shining,  yel- 
lowish-green or  bro\vn-tinged.  strongly  nerved. 
narrowed  into  a  smooth,  slender,  bidentate 
beak. 

Distribution 

General — British  Colvmibia  to  Newfoimd- 
land  and  southward  to  Delaware,  Indiana,  Miss- 
ouri, New  Mexico,  Arizona,  and  California. 

Utah — This  sedge  does  not  appear  to  be  too 
common  in  Utah.  Collections  checked  were 
from  the  Bear  River,  Uinta,  and  La  Sal  Moun- 
tains. 


Habitat 

Swamps  and  meadows.  Utah  collections 
were  from  the  aspen-fir  to  the  spruce-fir  zones. 

91.  Carex  exsiccata  L.  H.  Bailey,  Mem. 
Torrey  Club  1:6.  1889. 

Cespitose  with  stout,  short-creeping  root- 
stocks;  culms  obliquely-ascending,  3-10  dm. 
high,  acutely  triangular,  rough  or  smooth 
above,  aphyllopodic,  purplish-tinged  at  base; 
leaves  4-8  per  culm,  lower  clustered,  blades  3-7 
mm.  wide,  flat;  staminate  spikes  2-4,  linear, 
upper  peduncled;  pistillate  spikes  1-3,  sepa- 
rate, short-peduncled  or  sessile,  cylindric,  con- 
taining many  ascending-spreading  perigynia; 
bracts  leaf-like,  exceeding  culm;  scales  sharp- 
pointed,  brownish  wdth  light  centers  and  hya- 
line margins,  narrower  than  and  from  one-third 
to  one-half  the  length  of  perigynia;  perigynia 
lanceolate,  7-10  x  2-3  mm.,  little  inflated, 
smooth,  shining,  greenish,  several  ribbed,  tap- 
ering into  a  slender,  smooth  bidentate  beak. 

Distribution 

General — Southern  Alaska  and  southward 
to  Montana,  Utah,  Nevada,  and  California. 

Utah — Only  Johnson's  collection  No.  93 
from  the  Markagunt  Plateau  was  available  for 
study.  Van  Eseltine,  in  Tidestrom's  "Flora  of 
Utah  and  Nevada,"  listed  it  earlier  from  the 
same  general  area. 

Habitat 

A  plant  of  marshes  and  swamps. 

92.  Carex  rostrata  Stokes,  With.  Brit.  PI. 
ed.  2.  2:1059.  1787.  (C.  inflata  Huds.) 

Culms  one  to  few  together,  arising  from 
long,  stout,  whitish  rhizomes,  3-12  dm.  high, 
erect,  obtusely  triangular,  smooth  or  rough 
above,  phyllopodic,  exceeded  by  upper  leaves; 
leaves  4-10  per  culm,  septate-nodulose,  blades 
stiff,  flat  above,  3-15  mm.  wide;  staminate 
spikes  2-4,  upper  on  rough  peduncles;  pistillate 
spikes  2-5,  some  may  have  few  staminate  flow- 
ers at  top,  separate,  lower  flowers  peduncled,  all 
cylindric  to  oblong,  containing  many  flowers, 
the  perigynia  ascending  or  becoming  squarrose- 
spreading  at  maturity;  bracts  leaf-like,  exceed- 
ing inflorescence;  scales  brownish  or  purplish, 
ovate-lanceolate,  acute  or  awned,  narrower  than 
and  from  somewhat  shorter  to  longer  than  peri- 
gynia; perigynia  4-6  (10)  x  2.5-3.5  mm.,  inflat- 
ed, greenish  or  dark-tinged,  strongly  nerved, 
contracted  into  a  smooth,  conic,  bidentate  beak. 
(Plate  III) 

Distribution 

General — Alaska  to  Greenland  and  south- 
ward to  Delaware,  West  Virginia,  Indiana, 
South  Dakota,  New  Mexico,  Arizona,  and  Cal- 
ifornia. 
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Utah — A  common  species  throughout  the 
state.  Collections  examined  from  the  Bear  Riv- 
er, Uinta,  Wasatch,  La  Sal,  and  Abajo  Moun- 
tains and  the  Tavaputs,  Wasatch,  Fishlake, 
Tushar,  Aquarius,  Markagunt,  and  Paunsa- 
gunt  Plateaus. 

Habitat 

Meadows  and  marshes.  In  many  areas  it 
appears  to  be  a  pioneer  at  lake  edges  and  may 


extend  some  distance  into  the  water.  Ordinar- 
ily it  grows  in  nearly  pure  stands.  Its  zonal 
range  extends  from  rather  low  intermountain 
valleys  upward  to  the  spruce-fir  zone.  It  is 
found  most  commonly,  however,  at  mid-eleva- 
tions. 

Forage  value 

Palatability  rather  low.  Only  under  heavy 
grazing  pressure  do  cattle  seem  to  eat  it. 
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GLOSSARY 


Achene — Small,  dry  hard  indehiscent  fruit,  enclosed  by 
the  perigynium  in  species  of  Carex. 

Acuminate — Tapering  to  a  point. 

Acute — Sharp-pointed  but  not  tapering. 

Aggregated — Crowded  together  as  the  spikes  in  a  head. 

Androgynous — Bearing   the   staminate  flowers   above  in 
the  spike. 

Anther — The  pollen-containing  portion  of  the  stamen. 
Aphyllopodic — Blades    of    basal    leaves    rudimentary    or 

lacking. 
Appressed — Lying  in  close  contact  with  another  structure 
such  as  the  main  axis. 

Approximate — Close  but  distinct,  as  the  spikes  of  some 
species  of  Carex. 

Arcuate — Curved  like  a  bow. 

Ascending — Directed  upward  at  an  angle,  not  erect. 

Auricle — Appendages  at  junction  of  blade  and  sheath. 

Beak — The   narrowed   projection   above   the   main   body 
of  the  perigynium. 

Biconvex — Convex  on  both  sides. 

Bidentate — Two- toothed. 

Bidenticulate — Lightly  two- toothed. 

Bract — Modified   leaf   projecting   from   the   base   of    the 
spikes  or  inflorescence  in  the  genus  Carex. 

Callous  spot — Thickening,  behind  ligule  in  some  species 
of  Carex. 

Canaliculate — With  deep  longitudinal  groove,  or  deeply 
charmelled. 

Capitate — Inflorescence  congested  into  a  head. 

Caudate — Tailed. 

Cespitose — Forming  tufts  or  tussocks. 

Ciliate — With  marginal  hairs. 

Clavate — Club-shaped   or   enlarged    towards   the   apex. 

Concavo-convex — Bowed   inward   on   one   face   and   out- 
ward on  the  other. 

Convex — With  surfaces  bowed  outward. 

Coriaceous — Thick,  leathery. 

Cross-rugulose — With  transverse  wrinkles. 

Culm — Stem 

Cuspidate — With  a  short,  sharp-pointed  apex. 

Dioecious — Bearing  staminate  and   pistillate  flowers  on 
different  individual  plants. 

Dorsal — Back,  or  side  away  from  the  axis. 

Dorsal-suture — A  seam   on  the  dorsal   side  of  the  peri- 
gynium beak. 

Emarginate — Shallowly  notched  at  apex. 

Erose — Irregular  as  if  broken  or  gnawed. 

Fasciculate — Forming  bundles  or  closely  clustered.  Used 

in  our  case  to  describe  the  bundles  of  old  culm  and 

leaf    sheaths    remaining    after   aerial   portions   have 

been  broken  off  v/hich  is  common  to  certain  species 

of  Carex. 

Filament — The  stalk   of  the  stamen  terminating  in  the 
anther. 

Flexuose — Bent  in  zig-zag  fashion. 

Glabrous — Hairless. 

Glaucous — Whitened  with  a  bloom  of  waxy  material. 

Gynaecandrous — Staminate  flowers  below  and  pistillate 
flowers  above  in  a  spike. 

Head — A  dense,  rounded  inflorescence. 

Hyaline — Thin  and  translucent. 

Imbricate — Overlapping  like  shingles. 

Involute — With  edges  rolled  inward. 

Lacerate — With  margins  appearing  to  have  been  torn. 

Ligule — Membranous   projection    between   the   leaf   and 
culm  at  top  of  sheath. 

Membranaceous — Thin. 

Moniliform — Like  a  string  of  beads. 

Monoecious — With  the  different  sexes  in  separate  flow- 
ers but  on  the  same  individual  plant. 

Mucronate — With  a  short  abrupt  tip. 

Node — The  place  on  the  culm  where  the  leaf  is  borne. 

Nodulose — Small  transverse  knots. 


Obliquely  cleft — Slantingly  cut. 

Obtuse — Rounded  or  blunt. 

Obovate — Outline  of  an  egg  but  with  the  widest  part 
above  the  middle. 

Obovoid — Egg-siiaped  with  the  widest  end  pointing  up- 
ward. 

Ovary — The  part  of  the  pistil  containing  the  seeds. 

Ovate — The  outline  of  an  egg  with  the  broadest  end 
below  the  middle. 

Ovoid — Egg-shaped  with  the  narrow  end  pointing  up- 
ward. 

Papillate — Soft  nipple-like  projections. 

Peduncle — The  stalk  of  the  spike  in  Carex. 

Perigynia — The  sacs  that  enclose  the  achenes  in  Carex. 

Phyllopodic — The  leaves  of  the  basal  sheaths  well  de- 
veloped. 

Pistil — Central  female  parts  of  the  flower,  consisting  of 
stigma,  style,  and  ovary. 

Pistillate — Flowers  containing  pistils  only. 

Plano-convex — Flat  on  one  side  and  rounding  on  the 
other. 

Pubcrulent — Minutely  pubescent. 

Pubescent — Hairy,  usually  with  fine,  soft  hairs. 

Pulverlunt — With  a  dusty  or  powdery  covering. 

Puncticulate — With  minute  dots,  pits  or  translucent 
glands. 

Rachilla — In  some  species  of  Carex,  the  little  organ  that 
extends  from  the  base  of  the  achene  and  within  the 
perigynium. 

Revolute — Rolled  back  or  under  from  margin  of  tip. 

Rhizome — A  horizontal  underground  stem,  rooting  at 
nodes. 

Rootstock — Underground  stem,  often  short. 

Scabrous — Rough,  harsh  to  the  touch. 

Scale — The  expanded  outgrowth  at  the  base  of  each  flow- 
er of  the  spike. 

Scarious — Thin,  dry  and  membranous. 

Septate — A  partition,  transverse  in  the  leaves  and  stems 
of  some  species  of  Carex. 

Serrate — Saw-edged. 

Serrulate — Minutely  saw-edged. 

Sessile — Stalkless. 

Setaceous — With  bristles. 

Setiform — Bristle-like. 

Setulose — With  small  bristles. 

Sheath — The  tube-like  structure  at  base  of  leaf  and  en- 
closing the  culm. 

Spike — A  flower  cluster  in  which  the  flowers  are  ses- 
sile; the  unit  of  several  flowers  in  Carex. 

Squamiform — Scale-like. 

Squarrose — Widely  spreading  as  the  scales  and  perigynia 
in  some  species  of  Carex. 

Stamen — The  pollen-producing  organ,  consisting  of 
anthers  and  filaments. 

Staminate — With  male  flowers  only. 

Stigma — The  apex  of  the  pistil  which  is  receptive  to 
pollen. 

Stipe — The  stalk-like  organ  at  the  base  of  some  peri- 
gynia and  achenes. 

Stipilate — Having  a  stalk  or  stipe. 

Striate — With  slender  longitudinal  grooves  or  veins. 

Style — The  stalk  connecting  the  stigma  with  the  ovary. 

Suhorbicular — Nearly  circular  in  outline. 

Subulate — Awl-shaped. 

Terete — Round  in  cross-section,  often  tapering. 

Tubercle — A  small  knob-like  projection. 

Trigorous — Three-angled,  with  plane  faces. 

Truncate — Cut  off  flat  or  at  a  right  angle. 

Unisexual — Of  one  sex. 

Ventral — Front  or  side  facing  axis. 

Ventrally — Pertaining  to  the  front  side. 

Wing — A  membranous  projection  common  on  the  mar- 
gins of  some  perigjnia  and  culms. 
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aurea    29 

bella   35 

bigelowii 36 
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ZOOLOGY  OF  THE  UPPER  COLORADO  RIVER  BASIN 
I.    Tho  Biotic  Communities 

by 

C.  Lynn  Hayward,  D  Elden  Beck  and  Wilmer  W.  Tanner 

I.  EXTENT  AND  GENERAL  DESCRIPTION 
OF  THE  UPPER  COLORADO  RIVER  BASIN 


The  Colorado  River  Basin  includes  a  vast 
area  which  gathers  its  waters  from  most  of 
the  intermountain  areas  west  of  the  Conti- 
nental Divide.  Portions  of  the  states  of  Califor- 
nia, Nevada,  Utah.  Wyoming,  Colorado,  and 
New  Mexico,  and  nearly  all  of  Arizona  are  in- 
volved. Extending  from  west  central  Wyoming 
to  slightly  beyond  the  Mexican  border  at  the 
Gulf  of  California,  the  basin  is  over  800  miles 
in  length  and  has  a  width  at  one  point  of  about 
500  miles.  In  elevation  it  ranges  from  over 
14,000  feet  at  its  rim  in  some  of  the  lofty 
mountain  ranges  of  Colorado  and  Wyoming 
to  348  feet  below  sea  level  at  the  Salton  Sea 
of  Southern  California. 

The  northern  portion  of  this  extensive  area, 
which  is  the  subject  of  this  report,  is  known 
as  the  Upper  Colorado  River  Basin  and  oc- 
cupies that  part  of  the  entire  basin  which  lies 
mostly  north  of  the  Utah-Arizona  and  New 
Mexico-Colorado  borders  (Fig.  1).  In  recent 
years  this  portion  of  the  Colorado  River  Basin 
has  attracted  widespread  attention  owing  to 
the  proposals  to  build  a  number  of  flood  con- 
trol, irrigation  and  power  dams  along  the 
Colorado  River  and  its  tributaries,  and  to  the 
discovery  of  extensive  deposits  of  uranium  oi-e, 
natural  gas,  oil,  and  gilsonite  in  certain  sec- 
tions. Furthermore,  many  portions  of  the  Up- 
per Basin,  as  it  shall  lienceforth  be  called, 
possess  areas  of  magnificent  scenery  which  are 
becoming  increasingly  attractive  to  a  large 
number  of  visitors.  That  portion  of  the  Upper 
Basin  which  is  located  in  the  southwestern 
corner  of  Utah  in  Washington  County,  namely 
the  Virgin  River  drainage  basin,  is  not  a  part 
of  this  presentation,  but  will  be  considered  as 
a  separate  study  at  a  later  date. 

The  increasing  interest  in  the  natural  re- 
sources of  this  area  has  resulted  in  the  con- 
struction of  more  and  better  roads,  and  while 
many  sections  can  still  be  reached  only  on  foot 
or  horseback,  much  of  it  is  available  by  jeep 
01  truck  and  can  now  be  studied  by  naturalists 
with  much  less  expense  and  discomfort  than 
was  possible  a  few  years  ago.  However,  the 
excessive  dryness  of  the  area  makes  it  difficult 
at  times  to  obtain  suitable  drinking  water, 
and  in  mid-summer  maximum  temperatures 
above  100  F.  are  not  unconnnon.  Cold  storms 
are  frequent  in  early  spring  and  may  extend 
into  June,  while  in  late  summer  and  early 
autumn,  sudden  thunder  showers  may  result 
in  flash  floods  that  sweep  without  warning 
down  the  barren  washes  endangering  the  prop- 


erty and  even   the  lives  of  those  wlio  are  not 
prepared  for  them. 

Accumulation  of  the  data  to  be  presented 
in  this  and  subset] uent  reports  has  taken  place 
over  a  period  of  nearly  thirty  years  with  many 
individuals  taking  part  either  as  staff  mem- 
bers or  students  of  the  Department  of  Zoology 
at  Brigham  Young  University.  The  work  has 
been  discontinuous  and  at  first  was  done  in 
the  main  to  add  to  the  general  natural  history 
knowledge  of  Utah.  During  the  last  two  decades, 
however,  there  has  been  a  determined  effort 
to  bring  together  faunistic  information  per- 
taining to  the  Upper  Basin  area  in  particular. 

Detailed  descriptions  of  the  field  expeditions 
conducted  in  the  Upper  Basin  over  the  years 
will  be  given  in  another  section  of  this  report, 
but  it  may  be  said  at  this  time  that  the  writers 
have  at  one  time  or  another  traversed  almost 
all  of  the  territory  here  considered.  Further- 
more, manv  workers  from  other  institutions 
have  done  field  work  in  this  area  and  have 
published  reports  on  various  phases  of  the 
fauna  and  flora  of  the  Upper  Basin.  One  of 
the  most  recent  is  the  "Preliminary  Report  on 
Biological  Resources  of  the  Glen  Canyon  Res- 
ervoir" by  Woodbury,  et.  al.  (1958).  This  gives 
an  extensive  listing  of  the  biota  for  the  (ilen 
Canyon  region.  1  lowever,  to  our  knowledge, 
ours  is  the  first  attempt  to  accumulate  and 
publish  information  pertaining  to  the  verte- 
brate fauna  of  the  Upper  Basin  as  a  unit.  It 
is  planned  in  a  series  of  papers  to  include 
eventually  most  of  the  living  animals  that  are 
native  to  the  area. 

As  field  work  by  us  continued  in  this  com- 
plex area  it  became  increasingly  evident  that 
many  years'  effort  would  be  necessary  before 
a  complete  picture  of  the  fauna  could  be  at- 
tained. Work  in  new  areas  invariably  aroused 
fresh  problems.  Nevertheless  the  writers  now 
feel  that  the  time  is  appropriate  to  print  the 
data  that  are  now  at  hand  and  that  enough  of 
these  are  available  to  present  a  fairly  reliable 
accoimt  of  some  of  the  faunal  aspects  of  the 
area  as  they  now  exist. 

While  the  writers  have  traveled  in  almost 
every  section  of  the  Upper  Basin  and  in  the 
states  adjoining  Utah,  the  most  intensive  field 
work  has  been  done  in  the  latter  state.  Ihe 
major  part  of  the  discussion  to  follow-  deals, 
therefore,  with  the  Utah  section  of  the  LTpper 
Basin,  extending  from  the  Manila-Daggett  reg- 
ion on  the  north  to  and  including  the  Glen 
Canyon  damsite  on  the  south  at  the  Utah- 
Arizona  border.  References  made  herein  to 
the  Upper  Basin  in  adjacent  states,  are,  there- 
fore, of  a  more  general  nature. 
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II.  PROCEDURES 

In  preparing  this  report  the  authors  have 
divided  the  responsibihties  somewhat  as  follov^'s: 
Hayward  has  been  responsible  for  most  of  the 
general  descriptions  and  has  collaborated  with 
Beck  and  Tanner  in  the  preparation  of  the  sec- 
tion pertaining  to  the  biotic  communities.  The 
lists  of  mammals  and  birds  were  prepared  by 
Hayward  and  Beck,  with  Tanner  preparing  the 
lists  of  amphibians  and  reptiles.  However,  each 
of  the  authors  has  read  the  entire  manuscript 
critically  and  has  offered  suggestions  through- 
out the  preparation  of  the  entire  study.  The 
maps  and  diagrams  were  prepared  by  Wayne 
Killpack  under  the  direction  of  Hayward,  and 
the  photographs  are,  in  the  main,  from  the 
files  of  D  E.  Beck. 

In  referring  to  the  names  of  plants  and 
animals  the  practice  has  been  to  use  both  sci- 
entific and  common  names.  In  the  body  of  the 
text  the  scientific  name  is  given  only  once 
when  the  plant  or  animal  is  first  mentioned. 
Subsequently  only  common  names  are  used. 
Technical  names  of  mammals  are  taken  from 
Miller  and  Kellog:  List  of  North  American 
Recent  Mammals,  U.S.  Nat.  Mus.,  Bull.  205, 
1955;  their  common  names  are  derived  from 
Hall,  et.  al.;  Vernacular  Names  of  North  Amer- 
ican Mammals  North  of  Mexico,  University  of 
Kansas  Museum  of  Natural  History,  Misc.  Pub- 
lications. No.  14,  1957.  Both  scientific  and 
common  names  of  birds  are  taken  from  the 
American  Ornithologists'  Union:  Check-list  of 
North  .Imerican  Birds,  1957.  In  naming  the 
amphibians  and  reptiles  the  scientific  names 
are  from  Schmidt:  Check-list  of  North  Amer- 
can  Amphibians  and  Reptiles,  University  of 
Chicago  Press,  1953.  Common  names  were 
taken  from  American  Society  of  Ichthyologists 
and  Herpetologists:  Common  Names  for  North 
American  Amphibians  and  Reptiles,  Copeia. 
1956. 

Ill  EXPLORATIONS  AND  REPORTS  ON 
ri  IE  UPPER  COLORADO  BASIN 

In  several  major  works  published  on  the 
LIpper  Basin,  excellent  accounts  of  the  early 
explorations  of  the  area  are  ah-eady  in  print, 
and  it  is  not  the  intention  of  the  writers  to 
recount  them  in  detail.  Graham  (1937)  in  his 
paper  on  the  Botany  of  the  Uinta  Basin  gives 
a  thorough  account  of  early  visits  to  that  part 
of  the  area.  Woodbury  (1945)  has  given  a 
brief  statement  of  some  of  the  early  surveys 
in  the  Navajo  country  of  southern  litah  and 
northern  Arizona. 

The  earlier  explorations  into  the  Upper 
Basin  by  white  men  were  those  of  the  Spanish 
padres  who  visited  some  parts  of  the  area  as 
early  as  1761  (Freeman,  1923:31).  Escalante, 
the  best  known  of  these,  crossed  the  Green 
River    near    the    present    townsite    of    Jensen. 


September  13.  1776,  and  explored  parts  of  the 
Uinta  Basin  on  his  way  to  the  Great  Basin. 

Between  1825  and  1835,  a  number  of  white 
trappers  and  fur  traders  were  active  especially 
in  the  Green  River  Valley  of  Wyoming  and 
the  Uinta  Basin.  Jedediah  S.  Smith,  William  H. 
Ashley,  Etienne  Provost,  Jim  Bridger,  and  An- 
toine  Bobidoux  were  among  the  better  known 
of  these  early  travelers  (Dale,  1918).  From 
the  journals  of  some  of  these  men  we  have 
certain  information  on  the  fur-bearing  and 
larger  game  animals  particularly. 

Several  early  expeditions  were  carried  out 
in  the  Upper  Basin  and  numerous  papers  have 
been  published  relative  to  the  biota  of  the  area. 
Most  of  these  will  be  dealt  with  later  in  the 
course  of  this  paper,  but  some  of  the  major 
and  especially  the  earlier  studies  will  be  brief- 
ly considered  at  this  time.  Aside  from  the 
early  exploration  surveys  of  various  govern- 
mental agencies  including  such  prominent  fig- 
ures as  Fremont  (Abert,  1945,  Fremont  1846, 
Warren  1859)  and  Powell  1875,  who  recorded 
some  data  on  plants  and  animals,  there  have 
been  a  number  of  sui-veys  that  have  dealt  more 
specifically  with  the  biota.  In  1853  a  party 
led  by  Captain  J.  W.  Gunnison  crossed  the 
Grand  River  Valley  of  the  Upper  Basin  in 
LItah  and  continued  on  westward  to  the  Great 
Basin.  Baird  (1857,  1959)  later  published  on 
the  birds  and  mammals  of  this  expedition.  J. 
A.' Allen,  as  a  representative  of  the  Museum 
of  Comparative  Zoology  at  Harvard  Univer- 
sity, visited  a  portion  of  the  Upper  Basin  in 
1871  and  published  an  account  of  the  birds 
(1872).  There  were  at  least  two  early  expe- 
ditions of  the  American  Museum  of  Natural 
History  into  the  Upper  Basin.  Charles  P.  Row- 
ley collected  in  the  San  Juan  River  area  in 
1892  and  Allen  (1893)  published  on  the  mam- 
mals of  this  expedition.  Walter  W.  Granger 
worked  in  the  eastern  part  of  the  LHnta  Basin 
and  at  Brown's  Park  in  1895-96.  Allen  (1896) 
published  on  the  manunals  collected  by  this 
expedition.  Cary  (1911)  worked  in  parts  of 
the  Upper  Basin  from  1905  to  1907.  In  1905 
he  descended  the  Bear  River  (now  known  as 
the  Yampa  in  Colorado)  as  far  as  Axial  Basin 
and  then  traveled  southward  over  the  White 
River  Plateau  to  Grand  River  (Colorado  River) 
Valley.  In  1907  he  covered  much  of  the  same 
territory  including  a  trip  down  the  Little  Snake 
River  (tributary  to  the  Yampa),  with  visits 
to  Brown's  Park  on  the  Green  River.  During 
the  same  year  he  was  in  southwestern  Colorado 
and  included  a  trip  to  the  LaSal  Mountains 
in  LTtah.  In  a  later  paper  (1917)  Cary  pub- 
lished an  account  of  his  studies  in  Wyoming 
which  included  work  in  the  Green  River  Basin 
of  southwestern  Wyoming. 

Bailey  (1913)  in  his  paper  on  the  life 
zones  and  crop  zones  of  New  Mexico  describ- 
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ed  the  Lower  Sonoraii  Zone  of  the  San  Juan 
Valley  and  other  valleys  of  northwestern  New- 
Mexico. 

Gregory  (1917.  1948,  1950j.  Gregory  and 
Moore  (1931),  Gregory  and  Thorpe  (1938). 
Gregory  and  Anderson  (1939)  wrote  a  num- 
ber of  papers  on  the  geology  of  the  U]iper 
Colorado  River  Basin.  In  addition  to  discussions 
of  a  strictly  geological  nature,  there  are  also 
included  descriptions  of  the  biotic  features, 
climate,  agricultiue  and  socio-historic  data.  In 
some  of  these  monographic  studies  the  biotic 
features  are  discussed  in  some  detail.  1  lunt. 
Averitt,  and  Miller  (1953)  have  described  the 
overall  vegetation  of  the  Henry  Mountains  area 
in  their  geologic  and  geographic  study  of  that 
region. 

From  1931  to  1937  the  Carnegie  Institute  of 
Pittsburg.  Pennsylvania,  sponsored  a  series  of 
expeditions  into  the  Uinta  Basin.  Graham  of 
that  institution  published  (1937)  an  extensive 
report  on  the  botany  of  that  area,  and  Twomey 
(1942)  published  on  the  birds.  A  collection  of 
the  mammals  was  made  by  Kenneth  Doutt, 
but  an  account  of  these  has  not  been  published 
by  him.  DuiTant  (1952),  however,  worked  over 
Doutt's  material  and  included  it  in  his  "Mam- 
mals of  Utah." 

From  1933  to  1938  the  National  Park  Ser- 
vice sponsored  a  series  of  expeditions  into  the 
Rainbow  Bridge-Monument  Valley  part  of  the 
Upper  Basin  under  the  direction  of  .\nsel  F. 
Hall  and  Charles  D.  Winning.  A  general  re- 
port was  published  by  Hall  (1934)  and  an  ac- 
count of  the  birds  by  Woodbury  and  Russell 
(1945). 

In  1941  the  Secretary  of  the  Interior  ap- 
proved a  survey  of  the  Colorado  River  Basin 
with  a  view  to  ascertaining  its  recreational  and 
water  resources.  The  work  was  done  by  the 
National  Park  Service  under  the  direction  of 
Conrad  L.  Wirth.  Several  other  agencies  of  the 
government  assisted  with  the  work,  and  a  com- 
prehensive report  was  published  in  195(1 

In  recent  years  staff  members  and  students 
of  the  educational  institutions  in  Utah  and  Ari- 
zona have  conducted  field  studies  in  several 
parts  of  the  Upper  Basin.  The  University  of 
Utah  has  made  extensive  studies  of  the  mam- 
mals, birds,  and  reptiles  under  the  leadership 
of  Stephen  D.  Dun-ant,  William  H.  Behle  and 
Angus  M.  Woodbury. 

Since  1926  the  Department  of  Zoology, 
Brigham  Young  University,  has  actively  en- 
gaged in  field  work  throughout  much  of  the 
Upper  Basin,  and  it  is  upon  this  work  that  the 
present  study  is  largely  based.  Staff  members 
who  have  participated  in  these  studies  are 
Vasco  M.  Tanner,  C.  Lynn  I  layward.  D  Elden 
Beck,  Wilmer  W.  Taniier,  Dorald  M.  Allred, 
and  Clarence  Cottam.  Many  former  students 
have  also  assisted  in  the  surveys.  These  include 


Claudeous  Brown.  Anson  Call,  James  Kartch- 
ner,  Selar  1  lutchings,  Irvin  Rasmussen,  Harold 
i  lutchings,  James  Bee,  Harry  Chandler,  (ieorge 
Cannon  and  Merlin  L.  Killpack. 

A  chronologic  account  of  the  Brigham 
Young  Ilniversity  expeditions  into  the  LIpper 
Basin  follows: 

June  and  July  1926.  A  party  of  four  worked 
at  Fossil  and  Fort  Bridger,  Wyoming,  and  then 
entered  the  LTinta  Basin  by  way  of  the  .Manila- 
Vernal  load.  Studies  were  made  at  several  sta- 
tions in  the  Uinta  Basin  where  birds,  reptiles, 
amphibians,  and  invertebrates  were  collected. 
June  and  July,  1927,  A  party  of  seven  enter- 
ed the  Upper  Basin  by  way  of  Price.  Collec- 
tions were  made  at  Wellington,  Woodside, 
Green  River,  Moab,  La  Sal  and  other  areas  in 
the  La  Sal  Mountains  in  Utah.  Stops  were 
made  at  Dove  Creek,  Mesa  Verde,  and  Lite 
Moimtains  in  Colorado  and  Shiprock,  New 
Mexico,  Elk  Ridge,  and  the  Natural  Bridges 
area,  Blanding,  Bluff,  Monument  Valley,  Lee's 
Ferry,  House  Rock  Valley,  Kanab,  Bryce  Can- 
yon in  LTtah  and  Grand  Canyon  in  Arizona. 
Collections  of  plants,  invertebrates,  reptiles, 
amphibians  and  birds  were  made  during  this 
expedition. 

July  and  August,  1934.  .\  jxnty  of  four  work- 
ed in  the  Upper  Basin  during  the  month  of 
July  and  part  of  August  in  1934.  Overnight 
stops  were  made  at  Woodside  and  Moab.  but 
the  major  part  of  the  time  was  spent  at  high 
elevations  in  the  La  Sal  Mountains.  An  ac- 
count of  part  of  the  work  done  in  the  La  Sal 
-Mountains  was  jniblished  by  V.  M.  Tanner 
and  C.  L.  Hay  ward  (1934). 

June,  1936.  A  survey  trip  into  Carbon  and 
Emery  Counties  was  made  by  a  party  of  six 
staff  members  and  stvidents.  From  Spring  Can- 
yon the  following  collecting  areas  were  visited: 
Price,  Wellington,  Huntington,  and  Castle  Dale. 
Insects,  amphibians,  and  reptiles  were  collected 
Summers  of  1938,  1939.  1940.  During  these 
years  several  parties  conducted  extensive  field 
studies  in  Wayne.  Garfield  and  Kane  Comities. 
LTtah.  During  that  period  many  stations  were 
established  and  collections  of  mannnals,  birds, 
reptiles,  amphibians,  and  invertebrates  were 
made.  Some  papers  residting  from  these  studies 
have  been  published  (Tanner,  1940;  Chandler, 
1941;  Beck,  1954). 

Summer,  1946.  As  a  continuation  of  the 
above  surveys  another  expedition  was  organized 
to  revisit  established  stations  and  locate  new 
ones  in  Wayne,  Garfield  and  Kane  Counties. 
Extensive  collections  of  ants,  spiders,  centipedes, 
aquatic  insects,  reptiles,  and  amphibia  were 
made.  Occurrence  of  kinds  and  numbers  of 
birds  was  also  noted.  All  previously  established 
stations  in  Wayne,  ( iarfield,  and  Kane  Counties 
were  revisited.  Six  days  were  spent  in  survey- 
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ing    the    newly    established    stations    in    Kane 
County. 

April  25-27.  1947.  A  general  survey  party  was 
organized  to  make  a  preliminary  study  of  the 
Arches  National  Monument  in  Grand  County. 
In  this  survey  a  few  specimens  of  mammals, 
birds,  reptiles  and  other  animals  were  collected. 
September  8-15,  1948.  A  party  visited  the 
Wayne  and  San  Juan  County  regions  in  order 
to  establish  additional  stations.  Visits  to  the  old 
stations  at  Price,  Woodside,  LaSal  Junction 
and  Monticello  were  made.  Some  work  was 
done  at  Dead  Horse  Point  in  Garfield  Comity, 
Blanding,  Bluff,  Mexican  llat,  Monument  Val- 
ley and  the  Natural  Bridges  National  Monu- 
ment in  San  Juan  County.  New  stations  in 
Wayne  County  were  located  at  Hanksville 
and  Cainville.  Stations  at  Fruita  and  Torrey 
were  revisited.  Collections  of  reptiles,  amphi- 
bians and  spiders  were  made. 
May  8-14,  1949.  Field  work  was  done  at 
Arches  National  Monument.  Grand  County, 
Utah.  An  overnight  visit  was  also  made  to  Dead 
Horse  Point.  Birds,  mammals,  reptiles  and  in- 
vertebrates were  studied  and  collected. 
May  7-13,  1950.  Arches  National  Monument, 
Grand  County,  Utah,  was  revisited.  A  one  day's 
side  trip  was  taken  to  Castle  Valley  and  the 
area  known  as  the  Fisher  Towers  east  of  the 
Colorado  River. 

May  20-23.  1950.  A  trip  was  made  to  Uintah 
County,  north  and  east  of  Vernal.  Collections 
of  amphibians,  reptiles  and  insects  were  made 
near  Dinosaur  National  Moniunent,  Jensen, 
and  the  mouth  of  Split  Mountain  gorge. 
May  3-9,  1951.  Several  areas  in  San  Juan 
County  were  visited.  Principal  study  areas  were 
Bluff  and  a  camp  near  the  highway,  twenty- 
two  miles  south  of  Moab. 

August  9-12,  1951.  Studies  were  made  in  an 
area  seven  miles  northwest  of  Roosevelt,  Du- 
chesne County,  Utah.  Particular  attention  was 
given  to  the  mammals  and  birds  of  the  station. 
June  iO-July  3,  1952.  Brief  studies  were  made 
in  the  LaSal  Mountains  and  Castle  Valley. 
Grand  County,  Utah.  Special  attention  was 
given  to  the  mammals  and  birds. 
Summers.  1950-1953.  During  this  period.  D. 
Elden  Beck  was  in  charge  of  a  National  Insti- 
tute of  Health  Project  (U.  S.  Public  Health 
Service),  dealing  with  the  distribution  of  para- 
sitic arthropods  that  may  be  vectors  of  Rocky 
Mountain  spotted  fever  and  plague.  In  the 
course  of  this  study,  visits  were  made  to  a 
number  of  localities  in  the  Upper  Basin.  Ex- 
tensive mammal  collections  were  made  and 
many  specimens  were  preserved.  In  addition, 
reptiles,  amphibians  and  selected  groups  of 
arthropods  other  than  parasites  were  collected. 
A  report  of  this  study  was  published  (Beck, 
1955).  Localities  visited  within  the  Upper  Ba- 
sin are  indicated  on  maps  found  on  pages  33 


and  34  of  that  report.  These  localities  include 
Pink  Dunes,  Three  Lakes,  Kanab  Canyon,  and 
Adairville  in  Kane  County;  Dead  Horse  Point, 
San  Juan;  Manila,  Brown's  Park,  Bridgeport, 
and  other  localities  in  Daggett  County;  Fruita 
and  Torrey  as  well  as  other  places  in  Wayne 
County;  the  entire  Escalante  Basin  included  in 
Kane  and  Garfield  Counties;  and  Roosevelt  in 
Duchesne  County. 

August  26-28,  1953.  A  visit  was  made  to  Four- 
Corners,  Red  Mesa,  and  Monument  Valley 
south  of  the  San  Juan  River.  A  new  station  was 
established  at  the  eastern  end  of  Monument 
Valley. 

June  6-15,  1954.  Field  work  was  done  in  LTintah 
County  east  of  Green  River  with  concentrated 
work  at  Rainbow  and  Bonanza. 
July  6-15,  1954.  Additional  field  work  was 
done  in  Uintah  and  Daggett  Counties  with  sta- 
tions at  the  South  Base  of  Blue  Mountains  Pla- 
teau, Bridgeport  (Brown's  Park),  Clay  Basin, 
and  Manila. 

April  iO-May  5,  1955.  A  trip  was  made  to  the 
Navajo  Mountain  area  in  Utah,  and  northern 
Arizona.  Collections  were  made  fourteen  miles 
north  of  Tonolea,  Arizona;  and  at  Tuba  City  in 
Arizona;  Navajo  Mountain  Trading  Post,  San 
Juan  County;  Kanab  and  Pink  Dunes  in  Kane 
County,  Utah.  Mammals,  reptiles  and  inverte- 
brates were  collected. 

June  3-13,  1955.  An  expedition  was  conducted 
into  Grand.  Garfield  and  San  Juan  Counties 
with  study  stations  at  Castle  Valley,  Grand 
County;  ten  miles  south  of  Cisco,  Grand  Coun- 
ty; Montezuma  Trading  Post,  San  Juan  Coun- 
ty; and  twenty  miles  northwest  of  Hite.  Gar- 
field County. 

August  22-24,  1955.  /\  short  trip  to  Cumber- 
land, Lincoln  County.  Wyoming,  was  made  for 
the  purpose  of  collecting  mammals  in  that  area. 
May  19-23,  1956.  A  trip  was  made  to  the  Glen 
Canyon  Area,  Kane  County,  with  stations  at 
Wahweap  Creek  and  Catstairs  Canyon.  Special 
attention  was  given  to  the  collection  of  mam- 
mals, birds  and  reptiles. 

September  4-8.  1956.  White  Canyon  and  Cot- 
tonwood Wash,  San  Juan  County;  Dead  Horse 
Point  and  Grand  View  area.  San  Juan  County 
were  revisited  and  studies  were  made  of  rep- 
tiles, birds,  and  mammals. 

June  3-5,  1957.  A  station  was  established  at 
the  junction  of  the  San  Rafael  and  Green 
Rivers.  Emery  County. 

June  19-20,  1957.  Studies  and  collections  of 
birds  and  mammals  were  made  on  Strawberry 
River,  Dvichesne  County. 

December  29-31.  1957.  Glen  Canyon  Area, 
Kane  Coimty,  LItah.  and  Coconino  County, 
Arizona,  were  revisited  and  collections  of  win- 
tering birds  were  made. 

In  addition  to  the  above-mentioned  expedi- 
tions, several  trips  were  conducted  independent- 
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ly  under  the  direction  of  Wilnier  W.  Tanner, 
principally  for  the  purpose  of  collecting  and 
studying  reptiles  and  amphibians.  They  were 
as  follows: 

May  7-10,  1952.  Kane  County  east  of  Kanab 
was  visited  where  collecting  was  done  at  Nava- 
jo Wells,  Paria  (a  ghost  town),  north  end  of 
House  Rock  Valley,  Catstairs  Canyon  and 
Adairville.  Although  the  major  attention  was 
placed  on  amphibians  and  reptiles,  a  few  mam- 
mals were  taken  at  Catstairs  Canyon  and  Nava- 
jo Wells. 

May  21-25,  1953.  Another  trip  east  of  Kanab. 
Kane  County,  included  the  following  collecting 
stations:  Johnson  Creek  at  the  base  of  the  es- 
carpment of  the  Vermillion  Cliffs,  Navajo 
Wells,  House  Rock  Valley,  Wahweap  Spring 
and  Lone  Rock.  (The  latter  locality  is  only  a 
few  miles  west  of  Glen  Canyon). 
May  14-18,  1954.  A  survey  trip  was  conduct- 
ed into  Wayne,  Garfield  and  San  Juan  Counties 
for  the  purpose  of  establishing  new  stations  and 
for  collecting  amphibians  and  reptiles.  The 
basin  was  entered  by  way  of  Loa  and  included 
studies  at  Fruita,  Notom.  King's  Ranch,  Water 
Pocket  Canyon.  Rullfrog  Creek,  Star  Spring. 
Trachite  Creek.  Hite,  White  Canyon.  Natural 
Rridges,  Maverick  Spring,  and  Cottonwood 
Wash  near  Rlanding. 

June  8-10,  1954.  Several  localities  were  studied 
along  North  Wash,  Garfield  County,  Utah. 


May  18-21,  1955.  North  Wash,  Junction  of 
North  Wash  and  Colorado  River  and  Trachite 
Creek  were  visited  on  these  dates  and  again  on 
June  10. 

June  21-27.  1955.  Two  days  were  spent  on 
Elk  Ridge,  southwestern  Colorado  from  Cortez 
east  to  Pagosa  Springs  and  south  into  the  San 
Juan  Basin  of  northwestern  New  Me.xico. 
May  17-18,  1956.  Studies  were  again  made  in 
eastern  Garfield  County  including  North  Wash, 
Trachite  Creek,  and  Star  Spring.  On  this  trip 
emphasis  was  placed  on  the  collection  of 
Sceloporus  niagister  and  Xantusia. 
May  12-14.  1956.  Another  visit  was  made  to 
Star  Spring.  Garfield  County,  Utah.  Reptiles, 
mammals  and  birds  were  collected. 
In  June,  1957  observations  and  some  reptile 
collections  were  made  a  few  miles  north  of 
Duchesne  at  Blue  Bench.  Duchesne  Countv. 
Utah. 

From  June  16-18.  1958.  observations  and  col- 
lections were  made  from  the  head  of  House 
Rock  Valley  east  to  Glen  Canyon.  During  June 
22-26  a  general  survey  was  conducted  in  Uinta 
and  Daggett  Counties,  -\nother  siu-vey  was  con- 
ducted from  July  10-15,  to  Dead  Horse  Point 
and  Monument  Valley  in  San  Juan  County  and 
the  Pink  Dunes  in  Kane  County.  Birds  and 
mammals  were  the  main  interests  of  investiga- 
tion in  these  places.  (Table  1.) 


Table  1.  Principal  Field  Stations,  Brigham  Young  University 
Studies  in  the  Upper  Colorado  River  Basin 


Locality 


Adairville 

Arches  National  Monument 

Big  Bend 

Big  Indian 

Blanding 

Bluff 

Bonanza 

Boulder 

Bridgeport 

Bridges  National  Monument 

Brush  Creek 

Bryce  Canyon 

Buckhorn  Reservoir 

Calf  Creek  Crossing 

Castle  Dale 

Castle  Valley 

Catstairs  Canyon 

Circle  Cliffs 

Clay  Basin 

Collett  Wash 

Cottonwood  Creek 

Cottonwood  Wash  (upper) 

Cottonwood  Wash  (lower) 

Coyote  Gulch,  Head 

Coyote  Gulch,  Mouth 


County  and  State 

Kane,  Utah 
Grand.  Utah 
Kane.  Utah 
San  Juan,  LTtah 
San  Juan,  Utah 
San  Juan.  Utah 
Uintah,  Utah 
Garfield.    Utah 
Daggett,   Utah 
San  Juan.  Utah 
Uintah,  Utah 
Garfield.  Utah 
Emery,  Utah 
Garfield,  Utah 
Emery.  Utah 
Grand,  Utah 
Kane.  Utah 
Garfield.  Utah 
Daggett.  Utah 
Garfield,  Utah 
Kane,  Utah 
San  Juan,  Utah 
San  Juan.  Utah 
Kane,  Utah 
Kane.  Utah 


North 

West 

evatiun 

Lati 

tude 

Longitude 

5,375 

37 

07 

111 

54 

5,100 

38 

50 

109 

30 

3,800 

37 

15 

111 

00 

38 

10 

109 

20 

6,103 

37 

37 

109 

29 

4.320 

37 

17 

109 

33 

5,456 

40 

03 

109 

09 

6,675 

37 

54 

111 

24 

5,439 

40 

54 

109 

09 

6.022 

37 

38 

110 

02 

4,726 

40 

25 

109 

20 

7,970 

37 

37 

112 

07 

5,750 

39 

15 

110 

48 

5,200 

38 

32 

111 

30 

5.771 

39 

13 

111 

01 

4,200 

38 

40 

109 

07 

4.800 

37 

10 

111 

58 

6.000 

37 

50 

111 

10 

7.000 

41 

00 

109 

38 

5.000 

38 

05 

111 

10 

5,500 

37 

45 

111 

54 

5.700 

37 

45 

109 

30 

5,300 

37 

15 

109 

30 

5,000 

37 

51 

111 

10 

3,800 

37 

50 

111 

00 
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Locality 

Cumberland 

Dead  Horse  Point 

Dewey  Bridge 

Dinosaur  National  Monument 

Dove  Creek 

Dunn's   Trading  Post 

Dutton  Bridge 

East  Rim  Mounment  Valley 

Emery 

Escalante 

Escalante  Canyon 

Fifteen  Mile  Point 
Fifty  Mile  Point 
Fisher  Towers 
Flaming  Gorge 
Fort  Bridger 
Fourcorners 
Fruita 

Grand  View  Point 
Glen  Canyon 
Green  River 
Green  River  Desert 
Hanging  Arch 
Ilanksville 
Henrieville 
Hite 

Head  of  Wahweap 
Hole-in-the-Rock 
Hole-in-the-Rock  (upper) 
House  Rock  Valley 
Huntington 
Indian  Gulch,  Mouth 
Jensen 

Johnson  Creek 

Junct.  N.  Wash  and  Colo.  River 
Junct.  San  Rafael  and  Green  R. 
Junct.  Strawberry  R.  and 
Timber  Canyon 

Kanab 

Kanab  Canyon 

Kemmerer,  39  mile  East 

Linwood 

La  Sal  Junction 

La  Sal 

Lone  Rock   (Wahweap  Creek) 

Manila 

Mesa  Verde  National  Park 

Mexican  Hat 

Mexican  Water 

Moab 

Moab.  20  miles  South 

Montezuma  Creek 

Monticello 

Monument  Valley  (Gouldings) 

Myton 

Natural  Bridges  Nat.  Monument 

Navajo  Mountain  (Dunn's) 

Navajo  Wells 


North 

West 

County  and  State 

Elevation 

Lati 

tude 

Longitude 

Lincoln,  Wyoming 

6,900 

41 

32 

110 

30 

Garfield,  Utah 

6.300 

58 

25 

109 

51 

(irand,  LTtah 

4,090 

38 

49 

109 

17 

Uintah,  Utah 

4,900 

40 

25 

109 

15 

Dolores,  Colorado 

37 

45 

108 

52 

San  Juan,  Utah 

6,000 

37 

02 

110 

47 

Kane,  Utah 

4,500 

37 

50 

111 

05 

San  Juan,  Utah 

5,000 

57 

04 

109 

52 

Emery,  LTtah 

6.228 

58 

56 

111 

14 

Garfield.  Utah 

5,303 

57 

46 

111 

36 

Kane,  Utah 

3,505-    57: 
5,300 

15-57 

:45 

110:58-111 

:35 

Ciarfield,    Utah 

5,000 

58 

10 

111 

20 

Kane.  Utah 

4,314 

57 

15 

110 

57 

Grand,  Utah 

4,200 

58 

40 

109 

07 

Daggett,  Utah- 

6,000 

40 

57 

109 

35 

LTinta.  Wyoming 

6,657 

41 

12 

110 

30 

San  Juan,  LTtah 

57 

00 

109 

05 

Wayne.  Utah 

5,418 

58 

17 

111 

15 

San  Juan,  Utah 

6,300 

58 

26 

109 

53 

Coconino,  Arizona 

3,200 

36 

52 

111 

03 

Emery,  Utah 

4.087 

38 

59 

110 

09 

Emery,  Utah 

5,000 

38 

30 

110 

15 

Kane,"  Utah 

4,500 

57 

50 

111 

05 

Wayne,  Utah 

4,125 

38 

22 

110 

41 

Garfield,  Utah 

6,000 

57 

54 

112 

00 

Garfield,  Utah 

5,542 

57 

48 

110 

27 

Kane,  Utah 

5,500 

57 

25 

111 

46 

Kane,  Utah 

3.265 

37 

16 

110 

56 

Kane,  Utah 

4,529 

i7 

16 

110 

56 

Kane,   Utah 

5,000 

57 

16 

111 

54 

Emery,  Utah 

5,791 

39 

20 

110 

58 

Kane,'  Utah 

3.500 

37 

30 

110 

58 

Uintah,  Utah 

4,738 

40 

25 

109 

19 

Kane,  Utah 

5,000 

57 

03 

112 

23 

Garfield,  Utah 

3,455 

57 

52 

110 

24 

Emery,  Utah 

3,985 

38 

46 

110 

07 

Duchesne,  LTtah 

6,700 

40 

07 

110 

49 

Kane,  Utah 

4.925 

Kane,  Utah 

5,300 

17 

08 

112 

32 

Sweetwater,  Wyoming 

6,900 

41 

52 

110 

30 

Daggett,  Utah  " 

6.024 

41 

00 

109 

38 

San  Juan.  Utah 

58 

15 

109 

20 

San  Juan,  LTtah 

38 

15 

109 

10 

Kane.    Utah 

4,034 

57 

01 

111 

23 

Daggett,  Utah 

6,376 

40 

59 

109 

42 

Montezuma,  Colorado 

8,500 

57 

15 

108 

30 

San  Juan,  Utah 

4.244 

57 

09 

109 

53 

Apache,  Arizona 

36 

59 

109 

43 

Grand.  LTtah 

4,042 

38 

35 

109 

32 

San  Juan,  LTtah 

5.900 

38 

33 

109 

32 

San  Juan,  Utah 

4,750 

37 

27 

109 

12 

San  Juan,  LTtah 

7,066 

57 

52 

109 

20 

San  Juan,  Utah 

5.225 

57 

02 

110 

03 

Duchesne,  Utah 

5,082 

40 

11 

110 

03 

San  Juan,  Utah 

6,022 

57 

38 

110 

02 

San  Juan,  LTtah 

6,000 

57 

02 

110 

47 

Kane,  Utah 

5,000 

57 

04 

112 

15 
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North 

West 

Locality 

County  and  State 

Elevation 

Latitude 

Longitude 

North  Wash 

(iarfield,  Utah 

3.600 

i7 

53 

110 

25 

Notom 

Wayne.  Utah 

5.250 

38 

14 

111 

07 

Ouray 

Uintah.  Utah 

4,654 

40 

05 

109 

41 

Paria 

Kane.  Utah 

4.625 

37 

13 

HI 

58 

Pink  Sand  Dunes 

Kane.  Utah 

5.200 

37 

03 

112 

43 

Price 

Carbon,  LUah 

5.566 

39 

36 

110 

12 

Rainbow 

Uintah,  Utah 

5,350 

39 

51 

109 

12 

Red  Creek 

Daggett,  Utah 

5,500 

40 

54 

109 

13 

Red  Mesa 

San  Juan,  Utah 

37 

00 

109 

25 

Rooseveh 

Duchesne,  LTtah 

5,100 

40 

18 

109 

59 

San  Rafael  Swell 

Eniery,  Utah 

5.000 

39 

01 

110 

38 

Sheep  Creek 

Daggett,   Utah 

5.900 

40 

55 

109 

40 

Sheffield  Ranch 

Garfield.  Utah 

4.800 

37 

45 

111 

57 

Short  Creek 

Mohave,  Arizona 

36 

59 

112 

57 

Sixty  Mile 

Kane,  Utah 

5.000 

37 

25 

111 

02 

Soda  Springs 

Kane,  Utah 

5.000 

37 

25 

111 

02 

Spht  Mt. 

Uintah,  Utah 

4,780 

40 

30 

109 

03 

Star  Spring 

Garfield,  Utah 

5,000 

37 

49 

110 

32 

Temple  of  the  Sun 

Garfield,  Utah 

4.200 

38 

05 

111 

05 

The  Hall 

Kane,  Utah 

5.000 

37 

31 

111 

08 

Three  Lakes 

Kane.  Utah 

5.300 

37 

08 

112 

35 

Tonalea 

Navajo,  Arizona 

- 

36 

25 

110 

55 

Torrey 

Wayne,  Utah 

7,000 

38 

18 

111 

26 

Trachyte  Creek 

Garfield.  Utah 

3,445 

37 

48 

110 

27 

Tropic 

Garfield,  Utah 

6,298 

37 

37 

112 

06 

Tuba  City 

Coconino.  Arizona 

36 

08 

111 

15 

Twenty  Mile 

Garfield.  LTtah 

5.000 

37 

32 

111 

15 

Wahweap  Creek 

Kane,  LTtah 

4.300 

37 

03 

111 

37 

Wellington 

Carbon.    LTtah 

5,415 

39 

33 

110 

44 

White  Canyon 

San  Juan,  Utali 

5.600 

37 

37 

110 

02 

Willow  Creek 

Daggett.  Utah 

5.365 

40 

51 

109 

06 

Willow  Tank  Spring 

Kane.  Utah 

4,800 

37 

32 

111 

08 

Woodside 

Emery,  Utah 

4.627 

39 

16 

110 

21 

Yellowstone  Creek 

Duchesne.  LTtah 

8.200 

40 

30 

110 

18 

In  addition  to  specimens  and  field  notes 
available  from  the  above-mentioned  expedi- 
tions conducted  by  the  authors,  several  persons 
have  contributed  valuable  infomiation  and  spe- 
cimens from  various  parts  of  the  LTpper  Basin. 
From  1948  to  1958,  Merlin  L.  Killpack  con- 
tributed many  specimens  of  mammals,  birds, 
reptiles  and  amphibians  from  the  Uinta  Basin 
Area.  Karl  Lemon  also  contributed  some  reptile 
collections  fiom  loka.  Duchesne  County,  and 
-\ndrew  Barnum  has  contributed  a  small  col- 
lection of  reptiles  from  Grand  Junction.  Colo- 
rado. 

IV.  GEOLOCilCAL  AND 
TOPOGRAPHICAL  FEATURES 
From  the  writings  of  Powell  (1875)  and 
other  early  geologists  to  the  present  day,  many 
papers  on  the  geology  and  topography  of  the 
Upper  Colorado  Basin  have  been  published.  A 
comprehensive  list  of  these  publications  is 
found  in  "A  Survey  of  the  Recreational  Re- 
sources of  the  Colorado  River  Basin"  (1950). 
In  this  publication  (pp.  22-54)  an  excellent 
summary  of  the  geology  of  the  area  is  given 
by    Gregory    and    McKee.    Only    a    very    brief 


statement  covering  the  area  considered  in  this 
paper  will  be  included  in  this  report.  (Fig.  2) 

The  region  which  is  the  subject  of  the 
present  report  is  divided  into  three  principal 
geographic  provinces  (Fig.  1);  namely,  the 
Green  River  Basin  Province,  the  Uinta  Moun- 
tain Province,  and  the  Colorado  Plateau  Pro- 
vince. Green  River  Basin  occupies  an  area  of 
approximately  30.000  square  miles.  It  lies 
chiefly  in  the  southwestern  corner  of  Wyoming. 
but  a  narrow  strip  of  it  is  found  along  the 
northeastern  border  of  Utah  and  a  considerable 
area  of  northwestern  Colorado  belongs  to  this 
Province.  The  general  aspect  of  the  province  is 
one  of  rolling  hills  or  flat  to  gentle  sloping 
country,  tienched  by  broad  river  valleys.  The 
rocks  are  mainly  sedimentary.  Tertiary  in  age, 
and  many  ledges  are  exposed  along  the  borders 
of  the  stream  valleys.  Green  River  Basin  is 
bounded  on  the  noi'th  by  the  high  Wind  River 
and  Wyoming  Mountain  Ranges,  on  the  east  by 
the  continental  divide,  on  the  west  by  the  Bear 
River  divide  and  on  the  south  by  the  Uinta 
Mountains  and  Yampa  Plateau.  The  Green 
River,  having  its  origin  in  the  Wind  River  and 
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Wyoming  Ranges,  passes  approximately  down 
the  center  of  the  province.  Its  principal  tri- 
butaries include  La  Barge  Creek,  Sandy  Creek, 
Bitter  Creek,  Black's  Fork,  the  Yampa  River 
and  its  chief  tributary,  the  Little  Snake  River. 
The  general  direction  of  flow  of  the  Creen 
River  is  directly  southward  until  it  reaches  the 
Uinta  Mountains.  It  then  turns  abruptly  east- 
ward into  Colorado,  cuts  across  the  east  end  of 
the  mountains  through  deep  gorges  and  then 
enters  the  Uinta  Basin  through  Split  Mountain 
Canyon. 

The  Uinta  Mountain  Province  includes  the 
Uinta  Range  itself  and  the  Uinta  Basin  which 
lies  directly  southward  of  it.  This  basin,  which 
is  the  chief  area  of  the  province  considered  in 
this  report,  covers  a  relatively  small  area  of 
about  14.000  square  miles  in  Utah  and  Colo- 
rado. It  is  bounded  on  the  north  by  the  Uinta 
Mountains,  on  the  east  by  the  Roan  and  White 
River  Plateaus,  on  the  west  by  the  Wasatch 
Movmtains,  and  is  terminated  by  the  escarp- 
ment of  the  Tavaputs  Plateau  on  the  south. 

In  structure  it  represents  a  long  syncline. 
Its  lowest  elevation  along  the  Green  River  is 
4700  feet,  from  whence  it  ascends  northward 
toward  the  base  of  the  Uinta  Mountains  to 
7.000  feet.  Southward  it  slopes  gradually  up- 
ward to  the  rim  of  the  Tavaputs  Plateau  to  an 
elevation  of  8,000  to  9,000  feet.  The  latter  then 
breaks  off  abruptly  along  the  Roan  and  Book 
Cliffs,  to  the  Price  and  Grand  River  Valleys. 
Rocks  which  form  the  floor  of  the  basin  and 
are  exposed  in  many  places  are  of  Tertiary 
age.  The  Green  River  takes  a  diagonal  course 
across  the  basin,  bisecting  the  Tavaputs  Pla- 
teau, and  then  enters  the  Colorado  River  Pla- 
teau near  the  town  of  Green  River,  Utah.  Two 
main  tributaries  join  Green  River  in  the  Uinta 
Basin;  namely,  White  River  coming  from  the 
east  and  Duchesne  River  from  the  west.  The 
latter  stream  receives  the  Uintah  River  from 
the  Uinta  Mountains  and  the  Strawberry  River 
from  the  Wasatch  Mountains  besides  several 
smaller  streams. 

The  Colorado  Plateau  Province  is  by  all  odds 
the  greatest  in  size  and  the  most  spectacular 
part  of  the  Upper  Basin  (Figs.  1,  2,  21).  The 
geological  history  of  this  vast  area  of  approxi- 
mately 130,000  square  miles  includes  two  long 
periods  of  deposition,  two  periods  of  great  up- 
lift, and  two  periods  of  erosion.  During  Paleo- 
zoic and  Mesozoic  times,  sandstone,  limestone 
and  shale  were  deposited  to  great  depths  in 
water  and  on  land.  This  mass  of  sedimentary 
rock  was  uplifted  near  the  close  of  the  Cre- 
taceous Period  in  a  nearly  horizontal  position 
but  with  much  folding  and  warping  in  certain 
areas.  A  period  of  erosion  then  followed  during 
which  a  general  leveling  took  place.  This  was 
followed  by  a  second  period  of  deposition  dur- 
ing Tertiary  times  and  another  period  of  uplift 


which  brought  the  plateau  to  an  elevation 
where  precipitation  was  increased  and  the 
forces  of  stream  erosion  became  immensely  in- 
tensified. Thus  during  the  past  20.000,000  years 
the  great  maze  of  precipitous  canyons,  cliffs, 
mesas,  and  terraces,  as  well  as  the  many  wierd 
formations  which  characterize  this  province, 
was  sculptured. 

As  stated  above,  the  uplifting  of  this  im- 
mense plateau  area  generally  left  the  rocks  in 
their  original  horizontal  position  of  deposition. 
However,  several  forces  acting  in  local  areas 
have  broken  the  even  continuity  of  the  strata. 
One  of  these  forces  was  an  upwarping  and 
downwarping  of  the  strata  in  large  areas  which 
brought  about  such  conspicuous  structures  as 
the  Kaibab  Plateau,  the  Uncompagre,  and  Kia- 
parowits  Plateaus,  the  Water  Pocket  Fold,  the 
San  Rafael  Swell  and  the  TavapiUs  Plateau. 
A  second  force  was  the  intrusion  of  igneous 
material  which  tilted  and  broke  the  overlying 
sedimentary  strata  and  produced  high  isolated 
mountain  ranges  such  as  the  Navajo.  Henry, 
Abajo,  La  Sal  and  Ute  Mountains.  (Fig.  3).  In 
most  cases  the  sedimentary  rocks  have  been 
eroded  away  from  these  laccolithic  mountains, 
leaving  the  igneous  cores  exposed.  A  final  im- 
portant force  in  the  dynamic  geology  of  the 
area  has  been  the  formation  of  extensive  faults 
such  as  the  Hurricane.  Paunsaugunt,  Sevier, 
and  Grand  Wash. 

The  northern  part  of  the  Colorado  Plateau 
as  it  is  found  immediately  south  of  the  Book 
and  Roan  Cliffs  consists  of  the  broad  valleys 
of  Price  River,  which  arises  from  the  Wasatch 
Mountains,  and  the  Grand  River,  which  flows 
southwestward  from  the  Colorado  Rockies  and 
is  joined  by  its  large  tributary,  the  Gunnison 
River,  which  also  has  its  origin  high  in  tlie 
Rockies. 

Soon  after  entering  the  canyon  country  to 
the  south  of  the  Grand  River  Valley,  the  Green 
and  Colorado  Rivers  join,  thus  bringing  to- 
gether the  waters  from  the  water  sheds  of  Utah, 
Wyoming  and  Colorado.  Before  joining  the 
Green  River  the  Colorado  receives  the  Dolores 
River  from  the  east,  and  farther  in  its  course, 
near  the  Utah-Arizona  border,  the  San  Juan 
River  also  enters  the  Colorado  from  the  east. 
From  the  westward  high  plateaus  of  Central 
LTtah  come  a  number  of  lesser  streams  includ- 
ing the  San  Rafael,  Fremont.  Escalante.  and 
Paria  Rivers  and  Kanab  Creek.   (Fig.  21) 

V.     GENERAL  CLIMATIC  CONDITIONS 

OF  TI  IE  LTPPER  COLORADO 

RIVER  BASIN 

Most  of  the  desert  lands  of  the  Upper  Colo- 
rado River  Basin  lie  between  4.000  and  7,000 
feet  in  elevation.  The  winters,  though  compara- 
tively dry,  are  cold  and  windy,  and  the  sum- 
mers  are  characterized   by  hot  days  and  cool 
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nights.  Most  of  the  moisture  in  the  form  of 
snow  usually  falls  between  January  1  and  May 
1.  June  and  early  July  are  usually  dry  periods 
but  in  late  July,  August  and  early  September 
there  may  be  frequent  thunder  showers  in 
local  areas.  Often  the  precipitation  from  these 
summer  storms  falls  over  the  mountains  and 
high  plateaus  rather  than  the  desert,  collects 
in  the  canyons  and  washes  and  forms  raging 
torrents  for  a  few  hours.  The  desert  itself  ac- 
tually benefits  vei-y  little  from  most  of  these 
storms  since  there  is  a  high  rate  of  runoff, 
even  of  that  precipitation  which  actually  falls 
on  the  desert  lands  In  fact,  such  storms  may 
do  considerable  harm  through  sheet  erosion. 
Precipitation  coming  in  the  form  of  snow  or 
gentle  rain  in  late  winter  and  spring  is  of  great- 
est importance  to  the  desert  lands  since  more  of 
it  can  be  absorbed  and  utilized  by  the  vegeta- 
tion Desert  areas  close  to  mountains  or  high 
plateaus  usually  receive  slightly  more  moisture 
than  do  those  far  removed. 

A  detailed  climatic  summary  of  Eastern 
Utah  up  to  1930  may  be  found  in  a  publication 
of  the  United  States  Weather  Bureau  (Climatic 
Summary  of  the  United  States,  Section  21).  A 
summary  of  information  pertaining  to  several 


localities  within   the  Upper  Basin  is  presented 
in  Table  2. 

E.xcluding  the  conditions  at  Hite.  fourteen 
stations  taken  at  random  over  the  Utah  portion 
of  the  Upper  Basin  and  ranging  between  4,000 
and  7,000  feet  in  elevation  show  that  the  annual 
mean  temperatures  vary  within  a  range  of 
about  12  degrees,  between  42  degrees  F.,  and  54 
degrees  F.,  or  about  4  degrees  per  thousand  feet 
of  elevation.  Almost  all  are  subject  to  tempera- 
tures above  100  degrees  F.  at  times  during  the 
summer,  and  all  may  suffer  subzero  tempera- 
tures in  winter.  Annual  precipitation  varies  a 
great  deal  more,  owing  in  part,  at  least,  to  more 
or  less  favorable  conditions  with  respect  to 
mountain  ranges  and  elevation.  For  example. 
Monticello,  located  between  the  UaSal  and 
Abajo  Mountains  at  a  relatively  high  elevation, 
receives  about  three  times  more  precipitation 
than  Cisco  located  in  the  Grand  River  Valley. 
The  last-named  station  has  an  elevation  of 
about  4,300  feet  and  is  farther  removed  from 
liigh  mountains.  In  general  there  is  somewhat 
less  correlation  between  precipitation  and  alti- 
tude than  there  is  between  temperature  and 
altitude.  For  example,  Kanab,  which  has  an 
elevation  about  600  feet  higher  than  Bluff.  re- 


Table  2. Weather  Data  from  Selected  Stations  in  the  Utah 

Portion  of  the  Upper  Colorado  River  Basin  from  Sum- 
mary Reports  of  U.S.  Weather  Bureau.  Temperature 
in  °F.  Precipitation  in  Inches. 
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Bluff.  San  Juan  County 

4.320 

54.7 

109 

-20 

7.12 

10.3 

Castle  Dale.  Emery  County 

5,771 

45.5 

104 

-35 

9.07 

14.5 

Cisco,  (irand  County 

4,352 

51.9 

109 

-26 

6.50 

17.3 

Escalante,  Garfield  County 

5,303 

47.8 

101 

-20 

11.76 

23.1 

Fort  Duchesne,  Duchesne  County 

5,990 

44.2 

104 

-36 

6.97 

190 

Green  River,  Emery  County 

4,087 

52.2 

112 

-31 

6.24 

9.2 

Hanksville,  Wayne  County 

4,125 

51.4 

112 

-35 

5.41 

13.3 

Hite.  Garfield  County 

3,480 

59.7 

115 

-  1 

728 

0.0 

Kanab.  Kane  County 

4,973 

52.1 

105 

-15 

12.63 

20.3 

Manila,  Daggett  County 

(i,37(S 

42.8 

99 

-32 

10.63 

47.8 

Moab.  Grand  County 

4,042 

54.1 

111 

-24 

9.52 

16.5 

Monticello,  San  Juan  County 

7,066 

45.3 

98 

-14 

18.12 

65.1 

Price,  Carbon  County 

5,566 

47.8 

108 

-31 

10.66 

21.9 

Venial,  Uintah  County 

5,315 

45.0 

106 

-29 

9.11 

23.1 

Watson.  Uintah  County 

5.346 

46.2 

99 

-23 

11.87 

41.2 
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ceives  on  the  average  over  five  inches  more  an- 
nual precipitation. 

From  the  point  of  view  of  survival  of  desert 
organisms,  the  Upper  Basin  climate  is  subject 
to  extreme  variations  with  the  season  and  the 
years.  At  Bluff.  Utah,  for  example,  extreme 
temperatures  of  109  degrees  F.  and  -20  degrees 
F.  may  be  felt  witliin  a  year,  a  range  of  129 
degrees.  In  precipitation  the  area  about  Esca- 
lante  had  an  annual  variation  over  a  thirty- 
year  period  from  a  low  of  6.9  inches  in  1924 
"to  a  high  of  21.7  in  1927. 

VI.     BIOTIC  COMMUNITIES 

As  is  the  case  everywhere,  the  presence  or 
absence  of  a  given  kind  of  animal  depends  upon 
a  complex  variety  of  physical  and  biotic  forces 
that  impinge  upon  it.  In  the  previous  section 
of  this  study  we  have  shown  that  the  desert 
area  under  consideration  is  subject  to  a  geneial- 
ly  dry  climate,  with  only  a  narrow  border  along 
the  waterways  and  about  the  scattered  springs 
having  available  a  fairly  constant  and  depend- 
able source  of  water.  By  far  the  greater  part 
of  the  land  surface  depends  upon  a  few  inches 
of  precipitation,  variable  in  amount  from  year 
to  year,  that  falls  mostly  during  late  winter 
and  early  spring.  Deserts  of  the  Upper  Basin 
are  sometimes  considered  to  be  "cold"  deserts 
in  contrast  to  the  "hot"  deserts  of  the  Southern 
Basin.  Many  of  the  animals  are  actually  sub- 
jected to  great  extremes  of  temperatures  both 
hot  and  cold,  and  their  responses  to  these  fac- 
tors in  terms  of  their  habits  and  distribution 
are  of  great  importance. 

Soils  of  the  area  are  generally  of  poor  quali- 
ty owing  to  the  slow  formation  of  organic  mat- 
ter, the  tendency  for  it  to  be  washed  away  by 
sheet  erosion,  and  the  proclivity  for  salts  to 
accumulate  in  poorly  drained  areas.  In  texture, 
too.  the  soils  vary  from  heavy  clays  in  lower 
basins  and  valleys  to  almost  pin-e  sands  in 
other  places.  In  topography  the  Upper  Basin 
desert  lands  range  from  extensive  plains  to  the 
most  rugged  kind  of  terrain. 

It  is  the  details  of  physical  factors  operating 
in  an  area  that  are  of  greatest  importance  in  a 
localized  study  such  as  we  are  presenting  here; 
therefore,  broad  systems  of  community  classifi- 
cations such  as  geographical  regions,  provinces, 
and  life  zones  have  only  a  very  general  appli- 
cation to  our  situation. 

As  we  attempt  to  define  and  describe  the 
biotic  communities  of  the  Upper  Basin,  the 
vegetation  of  the  area  probably  affords  the  best 
basis  for  comparison,  since  the  nature  of  the 
plant  cover  gives  us  a  clue  to  those  physical 
forces  that  are  also  important  to  the  animal  life. 
The  role  of  plants,  or  more  particularly  vegeta- 
tion as  such,  in  the  occurrence  and  habits  of 
animals  is  difficult  to  evaluate  although  we 
sometimes  see  a  close  correlation  between  the 
distribution  of  the  two.  Of  the  several  environ- 


mental factors  that  are  of  importance  to  the 
general  well  being  of  the  animals,  cover  is  of 
paramount  importance,  and  vegetation  is  only 
one  factor,  along  with  the  physical  nature  of 
the  terrain  and  the  condition  of  the  soil,  that 
plays  a  part  in  the  shelter  of  the  animal  inhabi- 
tants of  the  area. 

Figs.  15,  16.  18,  and  19  show  the  distribution 
of  amphibians,  reptiles,  birds,  and  mammals 
from  selected  localities  in  the  Upper  Basin. 

The  Life  Zone  Concept  proposed  by  Mer- 
riam  many  years  ago  (1890.  1892.  1894,  1898) 
was  an  attempt  to  define  biotic  communities 
on  the  basis  of  both  plants  and  animals  as  well 
as  to  arrive  at  the  factors  of  the  climate,  parti- 
cularly temperature,  that  control  the  distribu- 
tion of  organisms.  While  this  concept  has  a  cer- 
tain value  in  a  broad  sense  when  applied  to 
areas  of  great  differences  in  altitude  or  latitude, 
it  is  of  little  use  in  the  present  study  because 
almost  all  of  the  Upper  Basin  desert  communi- 
ties would  fall  within  a  single  life  zone;  namely, 
the  Upper  Sonoran.  What  is  needed  is  a  more 
detailed  analysis  of  the  subdivision  of  the  ma- 
jor communities  and  a  pictme  of  the  more  pre- 
cise ways  in  which  the  animals  fit  into  them. 
Several  studies  in  the  Upper  Basin  and  adja- 
cent areas  have  thrown  some  light  upon  this 
matter. 

V.  M.  Tanner  (1940)  published  a  report  on 
the  Kaiparowits  region,  based  principally  upon 
data  collected  by  several  expeditions  made  by 
the  Brigham  Young  University  Department  of 
Zoology.  He  recognized  a  Desert-Prairie  Com- 
munity and  a  Pinyon-Juniper  Community  as 
desert  types.  While  he  presents  a  considerable 
list  of  plants  and  animals  which  had  been  col 
lected,  there  is  some  confusion  in  his  use  of 
ecological  terms,  and  the  reader  is  left  without 
a  clear  concept  of  the  details  of  community  or- 
ganization. Futhermore,  his  report  covers  only 
a  small  part  of  the  Upper  Basin  area 

Fautin  (1946)  made  a  careful  study  of  the 
desert  communities  of  a  part  of  the  Great  Ba- 
sin of  western  Utah  in  which  he  recognized 
about  four  major  coimmmities.  lie  placed  these 
communities  in  the  Northern  Desert  Shrub  Bi- 
ome.  However,  the  Upper  Basin  is  so  different 
topographically  from  the  Great  Basin  that  it 
is  difficult  to  apply  some  of  his  terms  to  the 
Upper  Basin  area  even  though  many  species  of 
plants  and  animals  are  conmion  to  both  and 
climatic  conditions  are  also  similar. 

Whereas  the  Great  Basin  consists  mainly  of 
broad  valleys  of  relatively  even  contour  and 
great  expanses  of  uniform  vegetation,  the  Upper 
Basin  is,  for  the  most  part,  a  land  of  many  deep 
canyons,  sheer  cliffs,  badland  formations,  pla- 
teaus, mesas,  and  coimtry  that  is  also  broken 
and  warped  by  the  upthrusting  of  great  moun- 
tain masses.  The  vegetation,  therefore,  presents 
a  picture  of  great  complexity,  less  uniform  in 
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continuity,  and  it  is  more  difficult  to  define 
and  describe.  Ecologically  speaking,  the  desert 
communities  of  the  Upper  Basin  are  less  stabi- 
lized into  extensive  climaxes.  While  the  (ireat 
Basin  has  few  large  streams  running  for  long 
distances  and  none  that  connect  it  with  outside 
areas,  the  Colorado  Basin  has  numerous  size- 
able waterways  coming  from  all  directions  and 
affording  natural  passages  for  egress  and  in- 
gress from  a  vast  area  of  country.  This  has  re- 
sulted in  a  fauna  and  flora  of  unusual  diversity 
and  interest.  (Fig.  2) 

Several  floristic  studies  have  been  made  that 
apply  directly  or  indirectly  to  the  Upper  Basin. 
Most  of  these,  however,  have  been  broad  and 
general  or  else  have  been  limited  to  small  areas. 
Shantz  (Tidestrom,  1925)  has  described  the 
general  plant  comnumities  of  Utah  and  Nevada. 
His  Pinyon-Juniper  Woodland,  Northern  Des- 
ert Shrub,  and  to  a  limited  extent  his  Salt 
Desert  Shurb  formations  occur  in  the  Upper 
Basin,  but  some  of  his  subdivisions  of  these 
foiTiiations  (associations  and  associes)  are  less 
easily  distinguished  in  the  Colorado  Biver  Ba- 
sin than  they  are  in  the  Great  Basin.  Hunt 
(1953)  has  followed  the  system  of  Shantz  in  a 
brief  description  of  the  vegetation  of  the  Henry 
Mountains  area  and  has  published  a  rather  ex- 
tensive list  of  the  plants  of  that  area  based  on 
the  collections  of  the  late  W.  D.  Stanton  of  Brig- 
ham  Young  University. 

Graham  (1937)  defined  the  plant  conmiuni- 
ties  in  the  Uinta  Basin  and  recognized  a  Juni- 
per-Pinyon  zone  and  a  Mixed  Desert  Shrub 
Zone.  The  latter  zone  was  divided  by  him  into 
a  number  of  subcommunities,  some  of  which 
were  called  associations.  These  included  the 
Cottonwood  Biver  Floodplain,  marshlands 
(Scirpus-Typha  Swamp),  Salt  Grass  Meadow, 
Badlands,  Desert  Gulch,  (ireasewood  (Sarcoba- 
tus)  Association.  Mat  Shadscale  (Atriplex)  As- 
sociation, Kochia-Hilaria  Association  (Gray 
Molly  and  Galleta  Grass),  Babbitbrush  Associa- 
tion (Chrysothamnus),  Atriplex-Telradymia 
Association  (Shadscale  and  Saltbrush).  Low  Al- 
titude Artemisia  Asociation  (Sagebrush),  Euro- 
tia  Association  (Winter  Fat)  and  the  Mid- 
Altitude  Artemisia  Association  (Sagebrush). 

Dixon  (1935)  has  described  the  vegetation 
of  the  high  plateaus  of  Central  Utah.  She  calls 
attention  to  the  Southern  Desert  element  in  the 
canyon  floras  and  also  recognizes  a  Pinyon 
Zone,  an  Alkali  Association,  a  Northern  Desert 
Climax  (sagebrush),  and  a  Northern  Semi- 
desert  (juniper-mountain  mahogany  climax), 
all  of  which  would  be  included  in  the  Upper 
Basin  deserts  as  herein  considered. 

Costello  (1944)  in  describing  the  semi- 
deserts  of  western  Colorado  and  part  of  Wyo- 
ming lying  in  the  Upper  Basin  describes  salt- 
brush,  sagebrush,  and  greasewood  types.  His 
sagebrush  type  includes  a  number  of  important 


grasses:  namely,  Agropyron  dasystachyum, 
Oryzopis  h'ymenoides.  Sitanion  hystrix,  and 
Agropyron  smithi.  His  saltbrush  type  (in  which 
he  recognizes  southwestern  and  northwestern 
subtypes)  is  characterized  by  several  species  of 
Atriplex  and  other  salt  tolerant  plants  and  the 
grasses  Hilaria  jamesii  and  Oryzopsis  hynie- 
noides.  Costello's  greasewood  type  is  distinctive 
through  the  predominance  of  Sarcobatus  vermi- 
culatus.  Kochia  americana.  and  several  species 
of  Atriplex  as  well  as  a  few  grasses. 

Kelson  (1951)  and  Durrant  (1952)  in  deal- 
ing with  the  mammals  of  the  Upper  Basin  of 
Utah  and  other  areas  have  utilized  a  system  of 
faunal  areas  which  they  have  subdivided  into 
provinces  and  subcenters.  They  recognize  about 
nine  such  units  within  the  Utah  portion  of  the 
Upper  Basin  alone.  Their  divisions  are  based 
solely  upon  the  coincidence  of  the  distribution 
of  mammals  and  the  major  physiographic  re- 
gions, and  they  do  not  pretend  to  take  into  ac- 
count other  groups  of  animals  and  the  types  of 
plant  communities.  Both  of  these  authors  recog- 
nize the  shortcomings  of  such  broad  concepts  as 
Merriam's  Life  Zones  and  the  Biotic  Provinces 
of  Dice  (1943)  in  attempting  to  describe  the 
ecology  and  distribution  of  animals  in  local  and 
complex  situations  such  as  prevail  in  the  LTpper 
Basin.  The  works  of  Kelson  and  Durrant  (lac. 
cit.)  are  of  special  importance  in  dealing  with 
problems  of  the  origin  of  the  mammal  faima  of 
the  Upper  Basin. 

The  examples  given  above  are  enough  to  in- 
dicate the  diversity  of  criteria  and  terminology 
that  have  been  employed  in  an  attempt  to  des- 
cribe the  biota  of  the  LTpper  Basin.  In  general, 
however,  we  feel  that  it  is  feasible  to  base  a 
comnumity  classification  on  the  types  of  pre- 
dominant vegetation  with  due  consideration  for 
the  principal  variations  within  each  major  type 
that  T-esult  from  the  impact  of  differences  in 
topography,  soil,  and  climate.  It  is  proposed 
that  four  principal  vegetation  types  in  the  Up- 
per Basin  deserts  be  considered  as  follows  for 
the  Green  Biver  Basin,  Uinta  Mountain  and 
the  Colorado  Plateau  Provinces: 

1 .  Cottonwood-Willow-Tamerisk  Flood- 
plain,  characteristically  bordering  the 
waterways.  (Figs.  3,  4,  5,  6) 

2.  Northern  Desert  Shrub  occupying  the 
broad  valleys,  slopes,  and  low  hills  are 
typified  by  such  plants  as  several  species 
of  sagebrush,  shadscale,  rabbitbrush, 
yucca,  cacti,  blackbrush,  greasewood, 
joint  fir,  and  others.  (Figs.  7  and  8) 

3.  Pinyon-Juniper  Woodland  varying  from 
extensive  and  continuous  forests  to  scat- 
tered growths  interspaced  with  desert 
shrubs  occupying  low  mesas  or  ravines 
where  the  soil  is  rocky  or  sandy.  (Figs. 
9  and  10) 
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4.    Hanging     Gardens,     a     fourth,     though 
somewhat     locahzed     vegetation     type, 
which    is    of    some    significance    and    is 
characteristic    of    the    canyon    country. 
Seep    seams    along    the    steep    canyon 
walls  allow  the  accumulation  of  traver- 
tine which  supports  a  rich  variety  and 
luxuriant    growth   of   plants   adapted    to 
hydric  conditions.  (Fig.  17) 
In   general,    the    floodplain   conmumity   oc- 
cupies the  lowest  elevations,  pinyon-juniper  the 
highest,  and  the  desert  shrub  the  intermediate. 
However,  there  are  frequent  instances  of  inver- 
sion, and  evidences  that  such  things  as  edapiiic 
conditions,  overgrazing  or  historical  factors  may 
be  more  important  than  mere  elevation  under 
certain  localized  conditions. 

Of  the  four  types  the  floodplain  is  the  most 
uniform  throughout  the  Upper  Basin  as  to  the 
general  ecological  conditions  of  cover  and  the 
availability  of  water.  However,  there  are  con- 
siderable differences  in  climate  from  one  end  of 
the  Upper  Colorado  drainage  to  the  other  which 
are  reflected  in  the  species  of  predominant 
plants  and  animals  that  live  in  the  floodplain 
habitat. 

The  desert  and  semi-desert  shrub  type  re- 
ceives the  greatest  impact  from  the  variations 
in  topographic  features  and  from  the  differences 
in  the  physical  and.  to  a  lesser  degree,  the 
chemical  conditions  of  the  soil.  Climatic  dif- 
ferences within  the  Upper  Basin  desert  shrub 
community  are  also  evident  as  a  result  of  alti- 
tudinal  and  latitudinal  variations. 

The  Pinyon-Juniper  Woodland  is  more  uni- 
form than  the  desert  shrub  type  although  it  too 
shows  much  variation,  particularly  with  respect 
to  basal  area  cover  (density)  within  its  range. 
Furthermore,  this  connnunity  is  not  well  de- 
veloped in  the  Green  River  Basin  Province. 

While  the  botanist,  and  particularly  the 
plant  sociologist,  would  find  it  necessary  to  sub- 
divide the  ITpper  Basin  deserts  into  many  vege- 
tation units  in  ordei-  to  adequately  deal  with 
the  complex  ecology  of  the  area,  the  zoologist 
finds  it  impractical  to  employ  such  a  system  in 
describing  the  distribution  and  ecology  of  the 
animals  that  live  there.  The  vertebrate  land 
animals  in  particular  are  often  less  dependent 
upon  the  vegetation  per  sc  than  upon  the  ]:)hysi- 
cal  factors  of  climate,  soil,  and  topography,  and 
rarely  do  thev  respect  the  boundaries  or  condi- 
tions prescribed  by  the  botanist  for  his  plant 
communities. 

Among  the  land  vertebrates  certain  general 
conditions  of  distribution  and  habitat  require- 
ments prevail  in  desert  areas.  Some  reptiles 
and  small  mammals  tend  to  be  closely  con- 
fined to  peculiar  habitats.  Most  of  them  are  true 
desert  animals  depending  for  their  water  sup- 
ply primarily  upon  that  which  they  can  obtain 
from  their  food  either  directly  or  as  metabolic 


water,  and  secondarily  upon  the  infrequent  and 
temporary  supply  from  ram  or  snow.  Larger 
predatory  and  imgulate  animals  are  less  con- 
fined to  peculiar  and  limited  habitats  and  may 
wander  far  out  into  the  deserts,  but  they  must 
be  able  to  visit  more  or  less  frequently  a  de- 
pendable and  constant  source  of  water  from 
a  stream  or  spring. 

Where  constant  and  extensive  waterways 
pass  through  desert  country  as  they  do  in  the 
Upper  Basin,  most  of  the  bird  species  concen- 
trate along  these  waterways  partly  because 
of  a  more  favorable  cover  and  food  supply 
afforded  by  the  more  luxuriant  vegetation,  and 
partly  because  of  the  close  and  dependable 
supply  of  water.  It  is  doubtful  if  there  is  any 
kind  of  bird  living  in  the  Upper  Basin  that  is 
truly  desert  as  are  some  of  the  reptiles  and 
small  mammals,  but  a  limited  number  of 
species  are  no  doubt  better  adapted  to  longer 
periods  without  drinking  water  than  others 
and  are  consistently  foimd  many  miles  from 
the  nearest  permanent  water  source.  Woodbury 
(  1954:  p.  99)  states  that  Say's  phoebe  is  able 
to  live  without  drinking  water.  Wing  (1956: 
p.  92)  states  that  while  most  birds  require 
drinking  water  almost  every  day,  certain  des- 
ert birds  "have  no  opportunity  to  drink." 
Zoologists  are  prone  to  make  their  field  camps 
near  streams  or  springs  and  thus  fail  to  gain 
a  true  picture  of  desert  life,  and  a  distorted 
concept  of  populations  of  birds  in  particular 
would  result  from  such  a-  practice.  To  gain  a 
realistic  idea  of  true  deseret  conditions  it  is 
necessary  for  the  student  to  carry  his  water 
with  him  and  subject  himself  as  much  as  pos- 
sible to  the  ecological  circumstances  under 
which  tiue  desert  animals  live. 

Since  the  overall  picture  of  the  Upper 
Basin  desert  habitats  is  so  variable  from  place 
to  place  it  is  thought  most  desirable  at  this 
time  to  review  the  patterns  of  distribution,  and 
insofar  as  possible,  the  ecology  of  the  land 
vertebrates  as  we  have  observed  them  in  certain 
t^■pical  localities  throughout  the  three  major 
physiographic  provinces  of  the  Upper  Basin 
in  which  we  have  done  field  work. 

For  convenience  in  presentation  each  (jf 
the  provinces  (Green  River  Basin.  Uinta 
Mountains,  and  Colorado  River  Provinces )  is 
divided  into  a  number  of  "areas."  These  areas 
do  not  necessarilv  represent  distinct  biotic  units 
and  no  attempt  is  made  to  show  their  bound- 
aries on  a  map.  They  are  designated  for  the 
purpose  of  giving  the  reader  a  clearer  picture 
of  the  more  specific  topographical  and  geolog- 
ical features  of  the  areas  as  a  basis  for  under- 
standing the  occurrence  and  distribution  of 
the  more  common  plants  and  vertebrate  ani- 
mals. Certain  ones  of  these  areas  are  described 
in  general,  while  in  other  areas  specific  sta- 
tions, tvpical  of  different  parts  of  the  area,  are 
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Fig.  3.  La  Sal  Mountains  in  Grand  and  San  Juan  counties.  Utah,  are  a  typ- 
ical intrusive  laccolithic  range  in  the  Upper  Basin.  Some  of  these 
peaks  have  an  elevation  above  13.000  feet.  This  range  is  surround- 
ed by  desert  country  having  an  average  elevation  of  about  5,000 
feet,  isolating  it  from  other  mountain  ranges.  In  the  foreground 
is  a  typical  broad  and  shallow  desert  wash  subject  to  seasonal  floods, 
but  normally  carrying  very  little  if  any  water. 


Fig.  4.  Desert  country  in  the  Uinta  Basin,  Uintah  County,  Utah.  The  Green 
River  with  typical  willow-cottonwood  floodplain  is  shown  in  the 
middle  distance.  The  principal  vegetation  in  the  river  valley  is 
three-toothed  sage.  The  distant  benchlands  are  vegetated  principal- 
ly with  shadscale,  while  the  higher  elevations  shown  in  the  right 
foreground  of  the  picture  support  a  tjpical  pinyon-juniper  wood- 
land. 
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Fig.  5.  Narrow  canyon  floodplain  at  Fruita,  Wayne  County,  Utah.  At  the 
right  is  a  typical,  precipitous  reef  formation  with  rocky  talus  at 
the  base.  Tamarisk  and  cottonwoods  are  the  predominant  plants 
on  the  floodplain  of  the  Fremont  River  at  this  point.  In  the  dis- 
tance is  Miner's  Mountain  which  is  the  northern  e.xtension  of  the 
Water  Pocket  Fold.  It  is  vegetated  with  a  sparse  growth  of  pinyon- 
juniper  woodland. 


Fig.  6.  Kanab  Canyon  about  7  miles  north  of  Kanab.  Kane  County,  Utah. 
This  is  an  open  type  canyon  in  which  the  stream  is  bordered  by 
a  narrow  marshland.  The  canyon  slopes  are  clothed  with  a  mix- 
ture of  pinyon-juniper  woodland,  three-toothed  sage,  and  other 
shrubs. 


■-''*f'?W:V*» 


■1  .  1.^ 


r:-y<?-^^f^ 


'y^i'^^J^^ 


•  »*;■. 


■>  -■<-*'r;--r>'=iV 


18  Brigham  Young  University  Science  Bulletin 


Fig.  7.  Plains  area  southwest  of  Green  River,  Emery  County,  Utah.  The 
vegetation  is  predominantly  shadscale,  rabbitbiiish  and  match- 
brush.  In  the  distance  are  the  upturned  rock  foniiations  foiTning 
the  eastern  edge  of  the  San  Rafael  Swell. 


Fig.  8.  Broad  plain  near  Navajo  Wells  east  of  Kanab,  Kane  County,  Utah. 
The  vegetation  is  an  almost  pure  stand  of  three-toothed  sage.  The 
Vermillion  Cliffs  are  in  the  background  with  tlie  slopes  at  their 
bases  vegetated  with  a  pinyon-iunipcr  woodland.  The  road  in  the 
foreground  connects  Kanab  with  the  Glen  Canyon  damsite  at  the 
Utah-Arizona  border. 
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Fig.  9.  Pink  Dunes  area  near  Kanab,  Kane  County,  Utah,  at  the  south- 
west coiner  of  the  Upper  Basin.  The  vegetation  on  the  sand  dunes 
is  principally  Yucca,  scurf-pea  and  Wyethia.  The  vegetation  on 
the  highlands  in  the  background  represents  the  upper  limits  of  the 
pinyon-juniper  woodland  predominated  by  western  yellow  pine. 


Fig.  10.  Typical  pinyon-juniper  woodland  looking  west  from  Elk  Ridge 
toward  the  Bridges  National  Monument,  San  Juan  County,  Utah. 
The  long  mesas,  slopes  and  valleys  are  all  covered  with  pinyons 
and  junipers.  In  the  distance  are  the  Henry  Mountains  across  the 
Colorado  River  in  eastern  Garfield  County,  Utah. 
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Fig.  11,  Pinyon-juniper  woodland  near  Flaming  Gorge,  Daggett  County, 
Utah.  Scattered  western  yellow  pines  are  also  present.  This  is  also 
typical  of  much  of  the  highland  desert  country  along  the  north 
and  west  borders  of  the  Uinta  Basin.  The  open  areas  are  clothed 
with  a  variety  of  grasses. 


Fig.  12.  Pinyon-juniper-blackbrush  community  in  Arches  National  Monu- 
ment. Here  the  pinyon-juniper  occupies  the  more  rocky  draws  and 
ridges.  The  open  sandy  flats  are  vegetated  predominantly  with 
blackbrush  and  joint-fir.  (See  also  Fig.  16). 
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Fig.  13.  Castle  Valley  northeast  of  Moab,  Grand  County,  Utah.  This  is  a 
broad  river  valley  dominated  by  pinyon-juniper  on  the  hillsides, 
and  a  mixture  of  three-toothed  sage,  greasewood,  shadscale  and 
rabbitbrush  in  the  valley.  The  tall  light  colored  plant  in  the  fore- 
ground is  Princess  Pkmie.  In  the  distance  is  one  of  the  high  peaks 
of  the  La  Sal  Mountains. 


Fig.  14.  Clark's  Bench,  Paria  Plateau,  Kane  County,  Utah.  In  the  fore- 
ground is  a  grassland  vegetated  principally  with  Indian  rice  grass 
and  galleta  grass.  There  are  also  a  few  hummocks  of  joint-fir  and 
Yucca.  The  hills  in  the  distance  are  the  southern  extension  of  the 
Kaiparowits  Plateau. 
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considered  in  more  or  less  detail.  Although  this 
means  of  presentation  results  in  some  repeti- 
tion, the  writers  feel  that  it  will  serve  to  give 
the  reader  a  more  detailed  account  of  the  Up- 
per Basin  than  would  otherwise  be  possible. 

The  Colorado  Plateau  Province 

The  general  physiographic  features  of  the 
Colorado  Plateau  have  been  described  else- 
where in  this  report.  In  area  it  occupies  about 
two-thirds  of  the  Upper  Basin  and  affords  a 
complex  of  topographic,  edaphic  and  climatic 
conditions  that  are  reflected  in  the  ecology  and 
distribution  of  its  fauna.  In  describing  this 
province  the  areas  east  of  the  Colorado  and 
(ireen  Rivers  and  those  west  of  these  rivers 
will  be  considered  in  turn. 

The  Navajo  Mountain  Area 

Navajo  Mountain  is  a  conspicuous  round- 
ed laccolith  that  rises  in  the  desert  south  and 
east  of  the  junction  of  the  San  Juan  and  Colo- 
rado Rivers.  A  biological  reconnaissance  of  the 
area  was  made  and  the  results  published  by 
Benson  and  others  (1935),  and  the  birds  were 
reported  upon  by  Woodbury  and  Russell 
(1945).  The  area  may  be  reached  by  travel- 
ing northward  from  Tonolea,  Arizona,  over  a 
rather  poor  desert  road  to  the  Navajo  Trading 
Post  which  is  situated  near  the  east  side  of  the 
mountain.  In  the  approach  from  Tonolea  one 
passes  over  many  miles  of  rolling  country 
where  the  soil  is  very  sandy.  There  are  alter- 
nating low  sand  hills,  showing  some  signs  of 
drifting,  and  shallow  valleys  where  the  soil 
is  more  stabilized.  The  sand  hills  are  vegetat- 
ed with  Ephedra,  Yucca.  Indian  rice  grass 
(Oryzopsis  hymenoides)  and  a  few  scattered 
junipers,  while  the  flats  and  valleys  are  cloth- 
ed principally  with  three-toothed  sagebrush 
(Artemisia  tridentata) .  As  one  approaches 
nearer  to  the  mountain  the  elevation  increases, 
gradually  forming  extensive  mesas  with  eleva- 
tions of  from  5,000  to  6,000  feet.  These  mesas 
are  vegetated  with  a  well  developed  pinyon- 
juniper  forest,  but  their  even  continuity  is  in- 
terrupted by  many  deep,  rugged  and  tortuous 
gorges  that  drain  into  the  San  Juan  and  Colo- 
rado Rivers.  Navajo  Canyon  and  Piute  Canyon 
with  their  many  tributaries  are  typical  of  such 
gorges  lying  south  and  east  of  Navajo  Moun- 
tain itself. 

The  biotic  communities  of  this  area  are 
complex  and  varied  and  have  not  been  suf- 
ficiently studied.  However,  certain  generaliza- 
tions may  be  drawn  from  our  studies  and  from 
the  literature.  The  area  adjacent  to  the  Navajo 
Mountain  Trading  Post  near  the  east  base  of 
the  movmtain  possesses  most  of  the  habitats 
typical  of  the  country  in  general.  They  are 
as  follows:  (1)  Broad  canyon  bottoms  or  val- 
leys surrounding  low  mesas  where  the  soil 
is  composed  of  deep,  often  unstable  sand  and 
where    the    principle    vegetation    is    joint    fir 


{Ephedra  ) .  rabbitbrush  ( Chrysothamnus)  .yuc- 
ca, and  a  few  scattered  junipers,  and  three- 
toothed  sagebrush  {Artemisia  tridentata)  where 
the  soil  is  more  stabilized;  (2)  walls  of  can- 
yons and  mesas  formed  of  sandstone  ledges 
and  tumbled  masses  of  boulders;  (3)  flat-topped 
mesas  supporting  either  pinyon-juniper  forests 
or  open  patches  of  sagebrush  where  the  soil 
is  sandy,  or  blackbrush  {Coleogyme  ramosissi- 
ma)  where  the  soil  is  gravelly  or  rocky. 

In  the  first-named  community  the  deer 
mouse  (Peromyscus  maniculatus)  and  Ord's 
kangaroo  rat  [Dipodomys  ordii)  are  most 
abundant.  Signs  of  the  latter  species  are  every- 
where and  the  evidence  of  their  burrows  about 
the  basis  of  the  clumps  of  vegetation  are  com- 
monplace. Foimd  in  lesser  numbers  in  this 
sandy  habitat  are  the  western  harvest  mouse 
(Reithrodontomys  megalotis),  the  northern 
grasshopper  mouse  (Onychomys  leucogaster) 
and  the  white-throated  woodrat  (Neotoma  al- 
higula).  Benson  (1935)  found  this  woodrat  in- 
habiting rocky  habitats,  but  we  took  it  four 
teen  miles  north  of  Tonolea  in  a  typical  sandy 
area  and  in  a  similar  situation  at  Navajo  Trad- 
ing Post. 

The  sandstone  ledges  and  loose  piles  of 
boulders  support  a  distinctly  different  mam- 
malian fauna  than  does  the  sandy  habitat 
described  above.  The  pihon  mouse  {Peromys- 
cus truei)  is  very  common  and  Stephens'  wood- 
rat {Neotoma  stephensi ),  Colorado  chipmunk 
(Eutamias  quadrivittatus)  and  rock  pocket 
mouse  {Perognathus  intermedius)  are  very 
characteristic  although  less  abundant.  Benson 
(1935)  found  the  canyon  mouse  (Peromyscus 
crinitus)  to  be  very  abundant  in  the  deeper 
canyons  near  Rainbow  Bridge,  but  we  found  it 
to  be  rare  at  Navajo  Momitain  Trading  Post. 
Both  the  white-tailed  antelope  squirrel  (Citel- 
lus  leucurus)  and  the  rock  squirrel  {Citellus 
rariegatus)  were  seen  in  the  rocky  ledges,  but 
they  were  very  uncommon,  owing  in  part,  no 
doubt,  to  the  fact  that  they  are  constantly 
hunted  by  Indians  and  their  dogs.  A  few  desert 
cottontails  {Syh'ilagus  aububonii)  inhabit  the 
rocky  areas,  but  they,  too,  are  scarce  and  wild. 

In  our  work  we  did  not  sample  the  dense 
stands  of  Pinyon-Juniper  Woodland  of  the 
Iiigher  mesas,  but  we  did  study  the  open  stands 
of  sagebrush  and  blackbrush.  In  both  we  found 
the  populations  of  small  mammals  to  be  very 
low.  The  silky  pocket  mouse  {Perognathus 
flavus)  was  found  in  the  blackbrush  communi- 
ty on  gravelly  soil.  In  addition,  Benson  (1935) 
also  found  the  Apache  pocket  mouse  {Perogna- 
thus apache )  on  the  plain,  south  of  Navajo 
Moimtain  where  sagebrush  is  predominant. 
Botta's  pocket  gopher  {Thomomys  bottae)  is 
fairly  common  on  these  plains,  and  we  also 
took  the  deer  mouse  in  this  same  habitat.  We 
saw  a  few  black-tailed  jack  rabbits  {Lepus  ^al- 
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ijornicus)     in    the    pinyon-juniper    woodlands 
and  desert  shrubs. 

Our  observations  would  agree  with  those 
of  Benson  {loc.  cit.)  that  there  is  a  general 
scarcity  of  mammal  life  throughout  the  Nav- 
ajo Mountain  area.  It  differs  from  all  other 
parts  of  the  Upper  Basin  in  that  there  are  ap- 
parently no  deer  or  other  large  game  animals 
(Benson,  loc.  cit.)  Either  these  have  been  ex- 
terminated by  the  Indians  or  else  they  have 
never  existed  tliere.  Jack  rabbits,  cottontails  and 
the  larger  squirrels  have  undoubtedly  been 
utilized  extensively  by  the  Indians  as  food 
which  may  accoimt  in  part  for  their  scarcity 
and  wildness.  The  area  is  heavily  grazed  by 
sheep  and  goat  herds  as  well  as  the  horses  of 
the  Indians.  The  Indians'  dogs  also  roam  wide- 
ly over  the  area.  Many  of  these  are  semi-wild. 
Of  the  native  carnivors  the  grey  fox  (Urocyon 
cinereoargenteus)  is  apparently  the  most  wide- 
spread and  common. 

Most  of  our  information  concerning  the 
birds  of  the  Navajo  Moimtain  area  comes  from 
the  observations  of  Benson  {loc.  cit.)  and  Wood- 
bury and  Bussell  (loc.  cit.)  In  our  own  field 
work  in  the  area  we  were  able  to  make  only 
casual  observations.  Benson  found  that  the 
bird  populations  were  relatively  low  in  desert 
communities.  In  the  open  blackbrush.  sage- 
brush or  sandy  Ephedra-Yucca  type  of  com- 
munity the  black-throated  sparrow  (Arnphis- 
piza  bilineata)  and  Brewer's  sparrow  (Spizella 
breweri)  are  probably  the  most  abundant  and 
characteristic  species.  In  the  pinyon-juniper 
woodland  the  pinon  jay  {Gymnorhinus  cycm- 
ocephala).  plain  titmouse  (Pariis  iuornatus) 
and  blue-gray  gnatcatcher  (Polioptila  caculea) 
are  common. 

Our  limited  information  concerning  the 
amphibians  and  reptiles  of  the  Navajo  Moun- 
tain area  is  based  primarily  on  the  survey 
trip  made  by  C.  Lvnn  I  layward,  D  Elden 
Beck,  and  La  "Veil  King  in  April  1955.  In  the 
temporary  ponds  and  along  the  few  intermittent 
streams  of  the  broad  valleys  the  Great  Basin 
spadefoot  (Scaphiopus  h.  intermontanus)  and 
the  Rocky  Mountain  toad  (Bufo  woodhousei) 
were  found.  The  brushy  flats  and  low  mesas 
are  inhabited  by  the  leopard  lizard  (Crotaphy- 
tus  w.  u'isUzeni).  northern  side-blotched  lizard 
{Uta  s.  stansburiana)  and  the  Great  Basin  sage- 
brush lizard  {Sceloporus  g.  graciosus).  Along 
the  rocky  slopes  and  among  the  tumbled  mas- 
ses of  rock  we  found  three  species  of  lizaid  to 
be  rather  common:  Utah  spiny  lizard  (Scelo- 
porus magister  cephaloflavus) ,  northern  plat- 
eau lizard  (Sceloporus  u.  elongatus)  and  north- 
em  cliff  uta  (Uta  ornata  wrighti). 

The  distribution  of  the  snakes  in  this  area 
is  not  well  known.  Two  of  the  more  common 
species,  the  Great  Basin  gopher  snake  (Pit- 
uophis  catenifer  deserticola)  and  the  1  Topi  rat- 


tlesnake (Crotalus  v.  nuntius),  seemingly  occur 
in  the  several  biotic  conmnmities  listed  above. 

Blujf-Four  Corners-Monument  Valley  Area 

The  Bluff-Four  Corners-Monument  Valley 
area  in  the  Utah  portion  of  the  Upper  Basin 
extends  eastward  from  the  Colorado  River  to 
the  western  edge  of  Coloi'ado.  southward  to 
Arizona,  and  northward  to  the  higher  country 
in  the  vicinity  of  Elk  Ridge  and  the  Abajo 
Mountains.  A  similar  type  of  country  is  to 
be  found  in  northeastern  Arizona,  southwestern 
Colorado,  and  northwestern  New  Mexico  as 
far  as  the  continental  divide.  Two  principal 
deep  canyons  formed  by  the  San  Juan  River 
and  White  Canyon  flow  westward  across  the 
area  and  are  joined  by  the  many  lesser,  more 
shallow  washes,  characterized  by  Cottonwood 
Wash,  Comb  Wash,  and  Montezuma  Creek 
which  flow  southward  into  the  San  Juan  River. 

In  general,  this  area  is  topographically 
characterized  by  broad  valleys  exemplified  by 
Monument  Valley  lying  south  of  the  San  Juan 
River  and  the  extensive  flats  south  and  east  of 
Blanding.  J'he  soil  in  these  areas  is  mostlj- 
sandy  and  is  vegetated  with  mixtures  of  the 
various  low  shrubs  and  grasses  characteristic 
of  the  Northern  Desert  Shrub  community. 
These  include  three-toothed  sagebrush,  black- 
brush,  rabbitbrush,  several  kinds  of  shadscale 
(Atriplex).  joint-fir  and  Indian  rice  grass.  Low 
mesas,  rocky  ridges  and  spire-like  rock  forma- 
tions rise  above  the  more  even  contour  of  the 
country.  The  rocky  ridges  are  often  domelike 
structures  composed  of  "slick-rock"  that  are 
barren  of  vegetation  except  in  small  interven- 
ing valleys  where  mixtures  of  desert  shrubs 
and  a  few  scattered  junipers  occiu. 

The  San  Juan  River,  after  reaching  the 
Utah  border,  runs  for  the  most  part  through 
narrow  and  precipitous  walled  canyons  where 
the  floodplain  is  very  narrow  and  its  vegetation 
is  limited  to  a  few  small  patches  of  tamarisk 
(Tamarix  gallica)  and  willows  (Salix) .  The 
more  permanent  washes  that  are  tributary  to 
the  San  Juan  usually  run  in  shallow  canyons 
with  wide  floodplains  and  more  gently  sloping 
walls. 

South  and  west  of  the  town  of  Blanding 
along  the  route  followed  by  state  highway  95 
one  crosses  over  a  series  of  extensive  flats, 
washes,  and  rocky  ridges.  The  predominant 
vegetation  here  is  pinyon-juniper  woodland 
which  in  places  forms  a  vast  and  vmbroken 
forest.  The  area  known  as  Grand  Flat  is  typ- 
ical of  such  a  forest. 

Three  typical  stations  within  the  Bluff- 
Four  Corners  area  will  now  be  considered  in 
more  detail. 

Montezuma  Creek  Station  (Fig  15).  This 
area  is  reached  by  traveling  about  sixteen  miles 
south    of    Blanding    along    state    highway    47 
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tlience  eastward  about  fifteen  miles  to  Monte- 
zuma Creek.  Enroute  to  this  locality  one  cros- 
ses several  shallow  but  rocky  canyons  and  an 
extensive  flat  of  red  sand  covered  with  a  rich 
growth  of  the  three-toothed  sagebrush.  Monte- 
zuma Creek  and  its  many  tributaries  occupy 
wide  and  shallow  floodplain  valleys  which 
have  eroded  fifteen  or  more  feet  below  the  gen- 
eral level  of  the  country.  The  lower  portions 
of  the  washes  are  sandy  and  clothed  with  a 
scanty  growth  of  tamarisk,  tall  rabbitbrush. 
and  willows.  Groves  of  young  Fremont  cotton- 
woods  (Populus  fremonti)  occur  in  places,  and 
small  clumps  of  old  trees  may  be  fovmd  on 
higher  ground  where  more  stable  conditions 
prevail.  A  little  sagebrush  grows  on  higher 
ground  next  to  the  perpendicular  clay  banks 
that  rise  fifteen  or  more  feel  above  the  bottom 
of  the  wash. 

On  higher  ground  above  the  washes  is  the 
relatively  flat  floor  of  the  original  valley  level. 
These  flats,  varying  in  width,  are  covered  with 
nearly  pure  stands  of  greasewood  (Sarcohatus 
verrniciilatus).  some  of  which  grow  higher  than 
a  man's  head.  Above  the  level  of  this  grease- 
wood  are  a  series  of  low  hills  or  flat-topped 
mesas  supporting  a  sparse  growth  of  shad- 
scale,  rabbitbrush,  and  other  shrubs  and  a  very 
few  junipers  The  soil  on  these  ridges  and 
mesas  is  rocky  or  gravelly.  There  are  many 
low  ledges  of  exposed  rock  and  loose  boulders. 
This  entire  area  presents  an  aspect  of  barren- 
ness with  none  of  the  colorful  formations  that 
are  so  characteristic  of  other  parts  of  the  Colo- 
rado Plateau  Province. 

With  respect  to  the  small  mannnals  of  this 
area,  there  are  two  strikingly  different  biotic 
communities.  The  tamarisk-greasewood  type 
of  community  growing  on  sandy  or  sandy-clay 
soils  of  the  floodsplain  and  valley  supports  a 
relatively  low  animal  population.  Ord's  kan- 
garoo rat  is  confined  almost  entirely  to  this 
habitat  as  is  also  Botta's  pocket  gopher.  Of  the 
larger  mammals,  the  black-tailed  jack  rabbit 
seems  to  live  almost  exclusively  in  the  tall 
greasewood  where  it  can  secure  ample  cover. 

In  spite  of  their  barrenness  the  low  rocky 
hills  and  ledges  support  the  greatest  variety 
and  population  of  manmials.  The  most  uncom- 
mon species  is  the  silky  pocket-mouse.  These 
little  animals  are  active  both  night  and  day. 
The  white-tailed  antelope  ground  squirrel  is 
also  very  abundant  in  rocky  areas,  and  a  few 
are  found  in  the  greasewood  community.  The 
pinon  mouse  and  the  canyon  mouse  are  found 
abundantly  in  the  rocky  ledges,  and  there  are 
a  few  rock  squirrels  in  this  same  habitat.  The 
white-throated  woodrat  also  lives  in  consider- 
able numbers  in  the  ledges. 

Desert  cottontails  are  very  common  in  both 
the  floodplain  and  on  the  rocky  hills,  and  the 


deer  mouse  is  also  fairly  common  in  both  types 
of  connnunities. 

A  characteristic  mammal  of  the  |)lams  ex- 
tending northward  from  the  San  Juan  River  to 
the  boundary  of  Grand  Coimty  is  (Junnison's 
prairie  dog  {Cyiiomys  gunnisoni).  This  species 
does  not  range  west  of  the  Colorado  River. 

The  bird  populations  of  the  Montezuma 
Creek  Station  are  concentrated  along  and  im- 
mediately adjacent  to  the  washes,  especially 
in  the  Cottonwood  and  tamarisk  communities. 
The  moiu-ning  dove  {7,enaidiira  macroura)  is 
probably  the  most  conspicuous  if  not  the  most 
common  resident.  Other  common  species  in 
this  conununity  are  Cassin's  kingbird  {Tyran- 
nus  vociferans).  ash-throated  flycafcher  {My- 
iarchus  cinerascens) .  western  wood  pewee 
{('ontopus  sordidulus ),  house  wren  (Troglo- 
dytes aedori),  mocking  bird  (Mimiis  polyglot- 
tos),  yellow  warbler  (I)cndroica  petechia),  yel- 
low-breasted chat  (Icteria  rircns),  and  Bullock's 
oriole  (Icterus  bullockii) .  The  blue  grosbeak 
(Guiraca  caerulea),  and  lark  sparrow  {Chon- 
destes  grammacus)  live  at  the  edge  of  the  flood- 
jjlain  conununity  adjacent  to  the  desert  shrubs 
The  black-throated  sparrow,  horned  lark 
(Eremophila  alpestris).  poorwill  (Phalaenop- 
tiliis  nuttalUi ) .  and  common  nighthawk 
(Chordeiles  minor)  inhabit  the  open  desert 
shrub  communities,  while  the  rock  wren  {SaT 
pinctes  obsoletus)  is  a  common  species  about  the 
rocky  ledges. 

Along  the  small  streams  and  particularly 
in  the  ponds  made  by  irrigation  water  near 
Indian  villages  are  heard  nightly  choruses  of 
three  species  of  toads.  In  the  ponds  the  more 
common  is  the  Great  Basin  spadefoot,  where- 
as the  red  spotted  toad  (Bufo  pwictatus)  and 
the  Rocky  Mountain  toad  are  widely  distrib- 
uted along  the  streams  as  well  as  in  the  ponds. 
We  did  not  observe  frogs  in  this  area. 

In  the  greasewood  bottom  lands  we  found 
several  species  of  lizards,  the  most  common  of 
which  are  the  leopard  lizard,  northern  side- 
blotched  Uta,  and  the  northern  whiptail 
{Cneniidophorus  t.  septentrioncdis) .  The  leop- 
ard lizard  is  confined  almost  entirely  to  this 
habitat,  with  the  side-blotched  uta  and  the 
northern  whiptail  ranging  into  the  edges  of  the 
low  rocky  hills. 

By  far  the  greatest  population  of  reptiles 
is  foimd  in  the  low  rocky  ledges.  On  the  large 
boulders  strewn  along  the  base  of  rocky  hill 
is  the  yellow-headed  collard  lizard  (Crotaphy- 
tus  c.  auriceps).  From  these  boulders  to  the 
rocky  areas  and  ledges  of  the  steeper  slopes 
are  the  northern  plateau  lizard,  the  northern 
cliff  uta,  plateau  whiptail,  and  in  the  brushy 
area,  the  spiny  lizard  (Sceloporus  rnagister) . 
The  later  was  also  found  in  the  scattered  groves 
of  cottonwoods  along  the  creek. 

Only  a  few  snakes  were  seen,  and  these  were 
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in  the  rocks  and  brush  along  the  edge  of  the 
rocky  hill  habitat.  The  Great  Basin  gopher 
snake  and  the  desert  striped  whipsnake  (Masti- 
cop/iis  t.  taeniatus)  are  perhaps  the  most  com- 
mon at  this  station. 

Bluff  Station.  The  town  of  Bluff  is  located 
on  the  San  Juan  River  at  a  point  where  the 
valley  is  relatively  wide  and  considerable  land 
has  been  brought  under  cultivation.  Approach- 
ing the  San  Juan  River  Valley  from  the  north, 
one  crosses  an  extensive  sandy  plain  before 
dropping  suddenly  down  into  the  river  valley 
itself.  High  cliffs  of  red  sandstone  rise  on  either 
side  of  the  valley  with  tumbled  masses  of 
boulders  lying  at  their  bases.  In  the  area  of 
Bluff  the  following  types  of  communities  are 
found:  (1)  Floodplain  community  where  Fre- 
mont Cottonwood,  willow,  and  tamarisk  are 
predominant;  (2)  low  desert  shrub  occupying 
sand-clay  soils  where  greasewood  is  character- 
istic; (3)  higher  rocky  or  gravelly  ridges  where 
shadscale  and  three-toothed  sagebrush  pre- 
dominate; (4)  sandy  benchlands  next  to  the 
high  cliffs  that  border  the  valley  where  joint- 
fir  and  blackbrush  are  the  most  abundant 
plants;  (5)  cliffs  and  tumbled  boulders  rising 
above  the  river  valley.  Beyond  the  tops  of  the 
cliffs  the  sandy  plain  extends  northward  as  a 
continuation  of  Number  4  above.  North  of 
the  town  of  Bluff  the  wide  valley  of  Cottonwood 
Wash  joins  the  San  Juan  Valley. 

On  the  floodplain  communities  and  in  the 
desert  shrubs  of  the  river  valley  floor  we  found 
the  population  of  mammals  to  'be  very  low. 
Ord's  kangaroo  rat,  deer  mouse,  and  western 
harvest  mouse  were  most  characteristic.  A  few 
Botta's  pocket  gophers  were  found,  especially 
on  the  farmlands.  The  silky  pocket  mouse  was 
found  on  the  more  rocky  or  gravelly  soils  of 
the  low  hills  or  ridges  where  shadscale  was 
predominant. 

Close  to  the  bases  of  the  cliffs  that  rise 
above  the  valley,  the  canyon  mouse  is  the 
most  abundant  species.  The  pinon  mouse,  Colo- 
rado chipmunk,  rock  squirrel,  and  white-tailed 
antelope  ground  squirrel,  the  Mexican  wood 
rat  {Neotoma  mexicana),  and  the  white- 
throated  woodrat  are  also  present.  Desert  cot- 
tontails are  very  common  both  in  the  flood- 
plain  and  in  rocky  areas  along  the  bases  of 
the  cliffs. 

As  is  typical  in  other  areas  described,  the 
bird  life  in  the  Bluff  area  is  concentrated  along 
the  floodplains  where  cottonwood  groves  and 
willows  afford  ample  cover  and  where  water  is 
available.  The  great  blue  heron  ( .Irdea  hero- 
dias),  snowy  egret  {Leucophoyx  thula),  and 
killdeer  {Charadrius  vociferus)  occur  connnon- 
ly  along  the  San  Juan  River  itself.  The  red- 
winged  blackbird  (Agelaiiis  phoeniceus).  Brew- 
er's blackbird  (Eiiphagus  cycmocephalus) ,  robin 
{T Urdus   migratorius),   house   finch.    Bidlock's 


oriole,  rufous-sided  towhee  ( Pipilo  eiythroph- 
thalmus).  and  mockingbird  are  the  most  con- 
spicuous species  associated  with  the  floodplain 
vegetation.  In  the  several  types  of  desert  shrubs 
of  the  river  valley  the  horned  lark,  Say's  phoebe 
(Sayornis  saya),  vesper  sparrow  {Pooecetes 
gramineus).  and  black-throated  sparrow  are 
commonly  found.  Associated  with  the  cliff  habi- 
tats are  the  common  raven  (Corvus  corax). 
canon  wren  (Catherpcs  mexicanus)^  turkey 
vulture  (Cathartes  aura),  white-throated  swift 
( .lerouautes  saxatalis) .  and  fei-ruginous  hawk 
( Buteo  regalis ) . 

On  the  valley  floor  near  the  river  and  in  the 
irrigation  ditches  and  run-off  ponds  are  found 
the  Great  Basin  spadefoot,  the  red-spotted  toad, 
and  the  Rf)cky  Alountain  load.  Near  the  river 
and  along  the  more  permanent  ditches  the  west- 
ern leopard  frog  {Raua  pipiens)  is  seen. 

The  desert  shrub  habitat  of  the  valley  floor 
supports  a  moderate  population  of  lizards,  the 
most  common  ones  being  the  leopard  lizard. 
Northern  side-blotched  uta,  and  the  Northern 
whiptail.  The  latter  is  also  common  on  the 
brushy  slopes  along  the  edge  of  the  valley 
floor.  The  spiny  lizard  is  also  present  along  the 
valley  floor. 

Near  and  in  the  streams  two  species  of  gar- 
ter snake  occur;  namely,  the  more  widely  dis- 
tributed wandering  garter  snake  (  Tharrtnophis 
e.  vagrans)  and  the  more  aquatic  black-necked 
garter  snake  (Thamuophis  c.  cyrtopsis) . 

Close  to  the  cliffs  and  on  the  more  rocky 
portions  of  the  slope  surrounding  the  valleys, 
the  northern  plateau  lizard  and  the  northern 
cliff  uta  are  commonly  seen. 

At  the  base  of  the  rocky  hills  and  cliffs  and 
along  slopes  where  there  is  a  greater  abundance 
and  variety  of  food,  are  found  the  desert  striped 
whipsnake  and  the  Great  Basin  gopher  snake. 
Bridges  Monument  -  White  Canyon  Station. 
This  station  is  in  an  area  of  extensive  pinyon- 
juniper  woodland  broken  by  high  cliffs,  many 
exposed  low  ledges,  and  the  deep  gulch  of 
White  Canyon.  In  the  more  open  areas  among 
the  pinyons  and  junipers  there  are  patches  of 
three-toothed  sagebrush,  shadscale,  yucca  and 
rabbitbrush.  The  soils  on  the  flats  are  usually 
sandy,  but  in  most  areas  tend  to  be  hard-packed 
and  subjected  to  much  surface  washing  during 
sudden  sunmier  showers. 

Our  field  work  in  this  area  has  not  been  as 
extensive  as  would  be  desired,  especially  with 
respect  to  the  birds  and  mammals,  but  the 
reptiles  and  amphibians  are  well  known.  There 
is  every  indication  that  populations  of  small 
mammals  are  very  low.  Probably  the  most 
common  species  is  the  pinon  mouse,  which 
lives  particularly  in  the  low,  more  broken 
ledges  where  pinyons  and  junipers  are  close 
by  or  about  the  bases  of  the  higher  cliffs. 
Woodrats  build  their  houses  in  the  ledges  and 
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at  the  bases  of  iunipeis  and  pinyons.  and  there 
are  a  few  desert  cottontails  wherever  there  is 
a  loose  rockpile  foi-  cover.  In  nuich  of  the  area 
the  soil  is  too  hard  for  the  extensive  burrowing 
of  kangaroo  rats  and  pocket  mice. 

Among  the  birds  the  pinon  jay  and  Brewer's 
sparrow  seem  to  be  the  most  abundant.  The 
latter  species  is  especially  abundant  in  autumn 
along  the  roadways  and  in  more  open  desert 
shrub  areas. 

The  pothole  ponds  along  White  Canyon  and 
particidarly  those  visited  at  the  Natural  Bridge 
Monument  supported  the  three  common  toads 
of  this  general  desert  area  —  the  Great  Basin 
spadefoot,  the  red-spotted  toad,  and  the  Rocky 
Mountain  toad.  We  saw  no  Rana  at  the  Natiu-al 
Bridges.  However,  at  the  headwaters  of  White 
River  a  few  miles  east  at  Elk  Ridge  both  the 
Utah  tiger  salamander  (Ambystoma  t.  utahcri- 
sis)  and  the  western  leopard  frog  were  collected. 

In  the  pinyon-juniper  woodlands  the  most 
common  lizards  are  Great  Basin  sagebrush  liz- 
ard. Northern  side-blotched  uta.  ancl  the  North- 
ern whiptail.  Rocky  and  ledge  habitats  along 
the  canyon  rim  and  near  the  buttes  of  the  area 
support  large  numbers  of  the  Northern  plateau 
lizard,  the  Northern  cliff  uta.  a  few  spiny  liz- 
ards, and  the  plateau  whiptail  (Cnemidophorus 
velox).  Among  the  yucca  of  the  area  the 
Utah  night  lizard  {Xantusia  I'igilis  utahensis) 
is  seen  occasionally. 

In  the  Natural  Bridges  area  we  have  seen 
the  desert  striped  vvhipsnake  and  the  Great 
Basin  gopher  snake.  Rattlesnakes  were  not  seen 
by  us,  but  are  known  to  be  present.  Along 
White  River  above  the  Natural  Bridges  and 
near  Elk  Ridge  were  foimd  the  wandering  gar- 
ter snake  and  the  western  smooth  green  snake 
{Opheodrys  r.  hJanchardi) . 

Moab-Arches  Monume?it  Area 
The  Moab-Arches  Monument  area  includes 
a  large  part  of  the  Colorado  Plateau  Province 
lying  west  of  the  La  Sal  Moiuitains,  east  of 
the  canyon  of  the  Green  River,  south  of  the 
Grand  River  Valley  and  north  of  the  Abajo 
Mountains  and  the  highlands  that  extend  east- 
ward from  them.  This  is,  in  general,  an  area 
of  deep  canyons,  washes,  spectacular  rock  form- 
ation and  intervening  valleys  and  flats  of 
sandy  soils.  The  physical  forces  of  this  area 
that  are  most  evident  are  the  Colorado  and 
Green  Rivers,  which  are  confined  for  the  most 
part  in  deep  gorges  with  narrow  floodplains 
and  sheer  walls  of  rock  on  either  side.  Trib- 
utary to  these  streams  are  innumerable  smaller 
canyons  and  washes  that  contribute  to  the  gen- 
eral ruggedness  of  the  country. 

Arches  National  Monument  Station  (Fig. 
16).  This  area,  which  is  one  of  spectacular 
natural  beauty,  has  been  studied  by  us  as 
thoroughly   as   any   other   part   of  this   section 


of  the  Upper  Basin.  It  lies  a  few  miles  north 
and  west  of  the  town  of  Moab  and  west  of 
the  Colorado  River.  Within  the  confines  of  the 
monument,  the  following  types  of  habitats  may 
be  recognized:  (  1  )  low  floodplains  and  open 
valleys  bordering  the  shallow  washes;  (2) 
sandy  flats  and  gentle  slopes  where  black- 
brush,  joint  fir,  and  Indian  rice  grass  predom- 
inate; (3)  higher  ridges  and  ravines  where  the 
soil  is  rocky  or  gravelly  and  where  pinyon- 
jimiper  and  a  variety  of  taller  shrubs  occur; 
(4)  solid  rock  formations  and  ledges  with  tum- 
bled rock  masses  lying  at  their  bases;  and  (5) 
localized  hydric  situations,  especailly  where 
there  is  seepage  between  the  strata  of  the  sand- 
stone ledges. 

The  floodplains  of  the  wide  washes,  such 
as  Salt  Wash  for  example,  are  characterized 
by  clay  soils  where  tamarisk  and  greasewood 
are  the  predominant  plants.  Mammal  popula- 
tions are  relatively  low  with  comparatively  few 
species  represented.  The  black-tailed  jack  rab- 
bit reaches  its  greatest  abundance  in  this 
connnunity,  where  there  is  ample  tall  cover, 
and  Ord's  kangaroo  rat,  the  western  harvest 
mouse,  and  the  deer  mouse  are  also  present. 
Within  the  monument  area  there  are  very 
few  springs,  but  one  such  spring  and  small 
stream  known  as  Freshwater  is  accompanied 
by  a  thicket  of  willows.  Gamble's  oak  (Quercus 
gambeUii)  and  other  tall  shrubs,  and  there  is 
a  variety  of  sedges  and  grasses  in  the  boggy 
areas.  Seepage  of  water  along  higher  rock 
ledges  permits  the  development  of  hanging 
gardens  characterized  by  ferns,  horsetail,  com- 
mon reed  (Phragmiies  communis)  and  other 
aquatic  or  semi-aquatic  plants. 

In  the  above-mentioned  types  of  hydric 
and  semi-hydric  communities  we  have  not  been 
able  to  establish  any  pecidiar  manunal  fauna 
such  as  Microtus  or  Sorex.  but  the  floodplains 
of  the  washes  and  stream  or  springside  thickets 
support  the  greatest  variety  and  highest  pop- 
idations  of  birds.  Along  the  washes  the  great 
blue  heron  and  killdeer  are  fairly  common. 
In  the  heavier  thickets  near  springs  or  seeps, 
Virginia's  warbler  (Vcrmivora  virginiae), 
green-tailed  townee  (Chlorura  c/dorura),  com- 
mon bushtit  (Psahriparus  minimus),  and  ruf- 
ous-sided towhee  (Pipilo  erythrophthalmus) 
are  characteristic  and  common.  Along  the  wide 
washes  where  tamarisk  and  greasewood  are 
predominant  the  house  finch.  Say's  phoebe, 
vesper  sparrow.  Brewer's  blackbird.  Brewer's 
sparrow,  and  lark  sparrow  are  the  most  com- 
mon species. 

The  open  sandy  flats  and  slopes  that  rise 
above  the  shallow  canyons  of  the  washes  and 
lie  between  many  of  the  rocky  formations  af- 
ford a  habitat  suitable  for  many  burrowing 
mammals,  and  it  is  in  such  situations  that  we 
find   the  highest  populations  of  small  rodents. 


32 


Brigham  Young  University  Science  Bulletin 


Great    Basin    Spadefoot 
Red-spotted    Toad 
Wood.house'3    load 
Northern     Whiptail 
Plateau     Whiptail 
Northern    Plateau    Lizard 
Northern    Cliff    Uta 
Northern    Side -blotched    Uta 
Great   Basin    Gopher    Snake 
Midc/et    Faded   /?ottlesnake 

Killdeer 
Blue    Heron 
Raven- 
Sparrow     Hawk 
Mourning    Dove 
Pinon    Joy 

White -throated    Swift 
Block-throated   Gray    Warbler 
Plain  Titmouse 
Blue-ffray  Gnotcoicher 
Gray    Flycatcher 
Ash -throated    Flycatcher 
Soy's    Phoebe 
Rock    Wren 
Canon     Wren 
Black -throated    Sparrow 
Chlppincj   Sparrow 
House    Finch 
Vesper    Sparrow 
Brewer's    Sparrow 

Block-toiled   Jock  Rabbit 
Cottontail    Rabbit 
Desert     Woodrat 
Bot ta's  Pocket    Gopher 
Apoche    Pocket  Mouse 
Ord's  Kangaroo    Rat 
Harvest    flAouse 
Grasshopper    Mouse 
Deer    Mouse 
Canyon    M\ouiSe 
Brush    /\AouSe 
Pinon     AAouj'e 
Colorado    Chipmunk 
Antelope    Ground    Sc^uirrel 
Bushy-tailed    Woodrat 


'ils^Sm^i 


ARCHES     NAT 

MONUMENT 

GRAND    CO. 

UTAH 

■■I  PRINCIPAL 

HABITAT 

OCCASIONAL 


To/I  sandstone 
formations    or 
cliffs    wlih 
boulder    talus. 


Pinyon.,    Juniper, 
fiidges    and  ravines 
wlih  (jrovelly  to  rocky 
soils  and  low  rock 
ledfjes. 


Blackbrush,    Ephe- 
dra,   Rice    Grass. 
Flats,  gentle  slopes 
Or  broad  Valleys, 
Sandy  Soil, 


Tamarisk , 
Greosewood 
Heavy   clays 
io  sandy 
Soils. 


Wash 


Typical  Animals 

Fig.   16. 


Biological  Series  Vol.  1,  No.  5.  December.  1Q^S 


33 


In  this  habitat  Ords  kangaroo  rat  attains  its 
greatest  numbers.  The  Apache  pocket  mouse 
is  also  abundant  as  well  as  the  grasshopper 
mouse,  deer  mouse,  western  harvest  mouse, 
and  Botta's  pocket  gopher.  Bird  life  in  these 
sandy  areas  is  very  scarce,  but  the  black- 
throated  sparrow  seems  to  prefer  the  low  shrub 
type  of  habitat  provided  by  blackbrush  and 
other  short  shrubs  that  are  characteiistic  of 
such  areas.  (Figs.  3,  12.  and  16.) 

Scattered  pinvon-juniper  woodlands  that 
occupy  higher  ridges  and  shallow  ravines  are 
a  distinctive  type  of  conmiunity.  Soils  are 
usually  rocky  or  gravelly  but  may  be  sandy 
and  rather  unstable  in  places.  In  addition  to 
the  junipers  and  pinyons  taller  shrubs  such 
as  cliff  rose  (Cowania  stansburiana),  wavey 
leaf  oak  (Quercus  undulata)  and  single  leaf 
ash  [Fraxinus  ononiala)  are  conmion  plants. 
Mammal  popidations  in  this  community  tend 
to  be  low.  The  desert  cottontail  reaches  its 
greatest  abundance  here,  and  the  white-tailed 
antelope  squirrel  and  deer  mouse  are  also 
very  common  and  characteristic.  The  bird  life 
of  the  pinyon-juniper  woodland  is  very  dis- 
tinctive. The  bluegray  gnatcatcher.  plain  tit- 
mouse, black-throated  gray  warbler  ( Dendro- 
ica  nigrescens).  ash-thi'oated  flycatcher,  gray 
flycatcher  (Empidoiuix  ivrightii).  pinon  jay, 
and  chipping  sparrow  (Spizclla  passerina)  are 
all  very  common. 

The  spectacular  rock  formations  of  the 
Arches  National  Monument  are  sculptured  into 
a  great  variety  of  forms.  There  are  sheer 
cliffs,  low  ledges,  spires,  arches  and  innumer- 
able shapes  that  lend  to  the  scenic  interest  of 
the  area.  They  also  provide  habitats  for  a 
unique  and  interesting  fauna.  Crevices  and 
holes,  as  well  as  the  tumbled  masses  of  loose 
rocks,  offer  nesting  sites,  roosting  sites,  and 
cover  for  a  number  of  species.  The  canyon 
mouse  is  perhaps  the  most  abundant  and 
characteristic  species  of  such  situations.  Both 
the  bushy-tailed  woodrat  (Neotoma  cinerea) 
and  the  desert  woodrat  (Neotoma  lepida)  are 
found,  particularly  in  the  low  ledges.  Ihe  pinon 
mouse  and  the  brush  mouse  ( Peromyscus 
boylii)  are  confined  to  rocky  situations  but  ap- 
pear to  be  less  common  in  the  Arches  area 
than  in  many  other  parts  of  the  Upper  Basin. 
The  colorful  Colorado  chipmunk  is  the  most 
common  mammal  seen  at  the  bases  of  the 
rock  formations  and  is  able  to  climb  their 
sheer  faces  without  difficulty. 

Several  kinds  of  birds  utilize  the  rock  form- 
ations as  nesting  and  perching  sites.  These 
include  the  red-tailed  hawk  (Buteo  jamaicen- 
sis).  prairie  falcon  (Falco  mcxicanus),  fer- 
ruginous hawk,  sparrow  hawk  (Falco  sparver- 
ius).  and  raven.  The  white-throated  swift,  rock 
wren,  canon  wren   (particularly  in  the  deeper 


canyons)   and  house  finch  are  characteristic  of 
the  small  species  utilizing  this  habitat. 

The  open  sandy  desert  shrub  flats  and  the 
gentle  slopes  leading  up  from  the  w-ashes  is 
a  habitat  suited  to  the  northern  side-blotched 
uta  and  the  leopard  lizard.  Where  the  sandy 
flats  abut  the  abruptly  elevated  areas  and  along 
the  rocky  canyon  walls,  we  find  the  sagebrush 
lizard  and  the  northern  whiptail.  The  northern 
side-blotched  uta  is  also  found  in  this  habitat. 
In  the  rocky  ledge  areas  one  finds  the  northern 
plateau  lizard  and  the  northern  cliff  uta. 

Snake  populations  in  the  Arches  area  are 
apparently  low,  appearing  to  be  greatest  in  the 
rocky  and  ledge  areas  where  ther^  is  some  vege- 
tation and  a  higher  popidation  of  other  verte- 
brates for  food.  We  have  seen  the  desert  striped 
whipsnake.  Great  Basin  gopher  snake  and  the 
midget  faded  rattlesnake  (Crotalus  v.  concolor) 
in  this  type  of  habitat.  We  have  found  the  go- 
pher snake  to  be  the  most  common  of  the  three. 

A  lack  of  water,  particularly  during  the 
greater  part  of  the  hot  dry  summer  and  fall, 
provides  little  opportimity  for  amphibians  or 
garter  snakes  to  inhabit  this  area. 
Castle  Valley  Station.  After  the  Colorado  Ri- 
ver receives  the  waters  of  the  Dolores  River  in 
the  vicinity  of  Dewey  Bi'idge,  it  passes  south- 
ward for  the  most  part  through  precipitous 
walled  canyons  for  the  entire  extent  of  its  pas- 
sage through  the  lower  part  of  the  Upper  Basin. 
Exceptions  to  this  are  to  be  found  in  the  vicinity 
of  the  town  of  Moab  where  there  is  a  wide  val- 
ley occupied  by  considerable  farming  land. 
About  fifteen  miles  north  of  Moab  is  another 
similar  area  known  as  Castle  Valley.  The  latter 
area  is  typical  of  the  river  floodplain  in  this 
section  of  the  stream.  The  valley  itself  contains 
some  ranches  but  relatively  little  cultivated 
land.  The  natiu'al  beauty  of  its  spectacular  rock 
formations  is  attested  by  its  name  and  by  the 
fact  that  it  is  frequently  used  as  a  location  for 
the  motion  picture  industry. 

The  floor  of  Castle  Valley  consists  of  a  roll- 
ing country  where  the  soils  are  mostly  sandy  or 
gravelly.  I'he  entire  area  shows  the  effects  of 
heavy  grazing  by  livestock.  The  present  pre- 
dominant vegetation  consists  of  two  principal 
types  growing  in  a  complicated  patchwork.  In 
the  better  sandy-loam  soils,  three-toothed  sage- 
brush occurs  in  dense  stands.  On  low  hills  where 
the  soil  is  rocky  or  gravelly  there  is  a  very 
sparse  growth  of  vegetation  consisting  of  shad- 
scale,  small  rabbit  brush  and  other  low-growing 
shrubs.  Arising  from  all  sides  of  the  valley  and 
in  the  midst  of  the  valley  itself  are  sheer  walls 
of  rock  terminating  above  in  flat-topped  mesas 
or  pinnacle-like  formations.  The  spectacular 
formations  on  the  east  side  of  the  valley  known 
as  Fisher  Towers  are  typical  examples.  (Fig. 
13) 

Several   studies  that   we  have  made  in   the 
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Caslle  Valley  area  have  indicated  that  the  mam- 
mal population  is  extremely  low  in  contrast  to 
the  abundance  of  rodents  that  occur  in  the 
Arches  area  directly  across  on  the  west  side  of 
the  Colorado  River.  The  white-throated  wood- 
rat  was  found  by  Durrant  (1934,  p.  65)  to  be 
very  common  in  the  sagebrush-covered  areas  of 
the  valley  where  its  houses  were  built  at  the 
bases  of  the  shrubs.  The  deer  mouse  also  oc- 
curs sparingly  in  this  habitat.  In  the  more 
sandy,  gravelly  or  rocky  soils  where  the  vege- 
tation is  sparse  conditions  appear  ideal  for 
pocket  mice  and  kangaroo  rats,  but  we  have 
found  the  populations  of  these  as  well  as  other 
small  rodents  to  be  very  sparse.  A  few  Apache 
pocket  mice  and  a  very  limited  number  of  deer 
mice  may  be  found  here.  In  the  sandy  soil  Ord's 
kangaroo  rat  occurs  in  small  numbers.  The 
desent  cottontail  and  black-tailed  jackrabbit  are 
both  present  but  imcommon  throughout  nil  the 
shrubby  types  of  communities. 

In  the  tumbled  masses  of  rocks  that  lie  at 
the  base  of  the  precipitous  walls  of  the  valley 
the  more  characteristic  mammals  are  the  rock 
squirrel  and  white-tailed  antelope  squirrel. 

The  Castle  Valley  area  is  one  of  the  most 
favorable  places  in  the  Upper  Basin  for  a 
variety  of  land  birds.  The  ample  water  supply, 
floodplain  groves  and  thickets  and  open  sur- 
rounding country  afford  the  most  acceptable 
kind  of  habitat,  much  more  so  than  the  precipi- 
tous and  narrow  canyons  that  are  common  to 
much  of  the  Colorado  River  and  its  tributaries 
in  this  area. 

Along  the  borders  of  the  river  itself,  the 
great  blue  heron,  spotted  sandpiper  (Act  It  Is 
macularia),  and  killdeer  are  commonly  seen. 
Cottonwood  groves  and  thickets  formed  by 
young  trees,  tamarisk  and  willows  offer  a  suit- 
able habitat  for  a  variety  of  passerine  birds. 
The  mourning  dove,  western  kingbird  (Tyran- 
nus  vertlcalls) ,  ash-throated  flycatcher,  western 
wood  pewee  (Cantopits  sorduh/lits),  black-billed 
magpie  (Pica  pica),  warbling  vireo.  yellow- 
breasted  chat,  and  Bullock's  oriole  are  the  most 
common  and  characteristic  species.  In  the  heavi- 
er desert  shrub  growths  of  greasewood  and  sage- 
brush. Magillivray's  warbler  (Operornis  tol- 
miei),  blue  grosbeak,  lark  sparrow,  and  mock- 
ingbird are  characteristic  species,  while  in  the 
areas  of  low  and  sparse  shrubs  the  horned  lark 
and  black-throated  sparrow  are  found  in  small 
numbers.  The  precipitous  rock  formations  with- 
in the  area  are  utilized  as  perching  and  nesting 
sites  by  the  golden  eagle  (Aqulla  clirysaetos). 
red-tailed  hawk,  sparrow  hawk,  turkey  vulture. 
rock  wren,  canon  wren,  and  white-throated 
swift. 

From  the  Dewey  Bridge  and  Castle  Valley 
southwestward  along  the  Colorado  River  to 
Moab  and  from  Moab  to  the  western  base  of 
the  La  Sal  Mountains  is  a  terrain  rich  in  num- 


bers and  kinds  of  amphibians  and  reptiles. 
Along  the  river  and  in  the  meadows  west  of 
Moab,  the  western  leopard  frog  and  the  Rocky 
Moutain  toad  are  common.  On  May  10,  1957, 
we  heard  the  calls  of  the  western  chorus  frog 
(Pseudacrls  n.  triserlata)  in  these  same  mea- 
dows. 

In  the  brushy  habitat  between  the  river  and 
the  canyon  walls  the  northern  side-blotched  uta. 
the  sagebrush  lizard,  and  the  northern  whiptail 
are  common.  On  the  tumbled  boulders  along  the 
edge  of  the  canyon  walls  the  ornate  yellow- 
headed  collared  lizard  is  seen,  and  the  northern 
plateau  lizard  occurs.  In  areas  of  rocky  ledges 
the  northern  cliff  uta  is  present. 

Besides  the  common  snake  species  of  this 
general  area,  (the  striped  whipsnake,  gopher 
snake,  and  midget  faded  rattlesnake)  there  are 
two  garter  snakes — the  black-necked  and  the 
wandering  garter  snakes.  A  population  of  the 
Great  Plains  rat  snake  (  Elaphc  guttata  emoryi) 
is  also  present.  Although  we  have  taken  onlv 
a  few  specimens  of  the  Colorado  plateau  night 
snake  (Hypslglena  t.  loreala),  it  should  be  com- 
mon in  the  rocky,  boulder-strewn  areas. 

The  Grand  Valley  Area 
The  Grand  Valley  area  is  an  extensive  and 
relatively  flat  valley  lying  inmiediately  south 
of  the  Tavaputs  Plateau  (Roan  Cliffs)  and  ex- 
tending from  the  Green  River  eastward  to  the 
Colorado  Rocky  Mountains.  Unlike  the  colorful 
canyon  country  to  the  south  of  it,  this  is  an  area 
of  gray,  comparatively  heavy  soils  and  barren 
badland  formations  of  monotonous  appearance. 
The  vegetation  is  predominantly  shadscale  of 
several  species  with  some  mixture  of  grasses  in 
certain  areas,  greasewood  in  low  places,  and 
three-toothed  sagebrush  and  juniper  on  higher 
slopes  and  ridges. 

Despite  the  fact  that  U.  S.  Highway  50 
crosses  this  area,  making  it  easily  accessible  for 
study,  we  know  comparatively  little  at  this 
writing  about  its  fauna.  Perhaps  the  most 
characteristic  and  one  of  the  most  conmion 
mammals  is  the  white-tailed  prairie  dog  (Cyno- 
mys  leiicurus) .  Several  colonies  of  this  mammal 
are  known  to  live  in  this  area,  and  the  animals 
are  frequently  seen  along  the  roadside.  The 
black-tailed  jack  rabbit  is  another  common 
species  in  this  wide,  open  country.  Of  the  small- 
er mammals  Ord's  kangaroo  i^at  is  connnon 
wherever  there  is  sandy  soil.  The  Apache  pocket 
mouse  as  well  as  the  deer  mouse  and  the  west- 
ern harvest  mouse  are  likewise  conunon 
throughout  this  area.  We  have  no  record  of  the 
Apache  mouse  west  of  the  Green  River. 

Birds  of  the  floodplain  woodlands  that  tra- 
verse these  broad  valleys  seem  to  be  similar  in 
kind  and  abundance  to  those  described  else- 
where for  similar  habitats.  In  the  open  desert 
the  horned  lark  is  very  common  and  the  sage 
thrasher  and  western  mockingbird  occur,  par- 
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ticularly  in  greasewood  communities.  In  the 
vicinity  of  prairie  dog  colonies  the  burrowing 
owl  is  a  characteristic  species. 

"  Throughout  the  greater  part  of  this  area  the 
amphibian  and  reptile  populations  are  low- 
when  contrasted  to  some  of  the  peripheral  habi- 
tats. The  broad  central  area  supports  sparse  rep- 
tile populations,  with  more  of  these  occurring 
along  the  edges  of  washes  and  near  the  streams. 
A  few  side-blotched  uta.  sagebrush  lizards  and 
northern  whiptail  lizards  are  to  be  seen 
throughout  the  entire  area. 

Amphibians  are  almost  completely  restrict- 
ed to  the  permanent  streams  and  the  associated 
irrigation  areas  along  them.  In  these  areas  the 
leopard  frog.  Rocky  Mountain  toad,  and  red- 
spotted  toad  occur.  The  latter  is  found  only  in 
the  lower,  more  southern  parts  of  this  area.  Al- 
though an  occasional  desert  striped  whipsnake. 
Great  Basin  gopher  snake  and  midget  faded 
rattlesnake  are  seeir  throughout  the  area,  these 
are  more  abundant  near  the  base  of  the  Tava- 
puts  Plateau. 

We  are  not  well  informed  on  the  amphi- 
bians and  reptiles  in  the  eastern  section  of  this 
area.  However,  the  reports  given  us  by  Andrew 
Barnum,  who  spent  several  years  at  Grand 
Junction,  Colorado,  suggest  that  the  species  oc- 
curing  there  are  similar  to  those  known  to  occur 
in  the  Moab-LaSal  area.  Specimens  of  the  pla- 
teau whiptail  and  of  the  Utah  milk  snake  in 
the  collection  of  Ah-.  Barnum  add  to  the  less 
cominon  species  of  the  eastern  area. 

That  portion  of  the  Colorado  Plateau  Pro- 
vince lying  west  of  the  Colorado  and  Green 
Rivers,  south  of  the  Book  Cliffs  and  east  of  the 
high  plateaus  of  central  Utah  will  be  considered 
next.  The  southwestern  corner  of  this  area  is 
located  at  Pink  Dunes  a  few  miles  west  of 
Kanab,  Kane  County.  The  northwest  corner  is 
in  the  vicinity  of  Castle  Gate,  Carbon  County. 

Drainage  from  the  high  plateau  country  to- 
ward the  Colorado  River  has  created  a  number 
of  canyons,  basins,  and  locally  differentiated 
geological  features  pecular  to  the  various  areas. 
These  erosional  forces  of  the  past  have  resulted 
in  a  complexity  of  habitats  which  are  partly 
responsible  for  the  present-day  distribution  of 
the  biota. 

Proceeding  froin  Pink  Dunes  to  Castle  Gate 
we  describe  the  following  areas: 

1 .  Pink    Dunes  —  Central    Kane    County 
Area.   (Fig.  9) 

2.  Paria  Basin — Paria  Plateau  Area.    (Fig. 
14) 

3.  Kaiparowits    Plateau — Escalante    Basin 
Area  (Fig.  17) 

4.  Escalante  Canyon — Water  Pocket   Fold 
— Circle  Cliffs  Area.  (Figs.  2  and  17) 

5.  Torrey — Capitol  Reef  Area.    (Fig.  5) 

6.  Henry  Mountains — Green  River  Desert 
Area.  (Fig.  7) 


7.    San  Rafael  Swell— Castle  Valley- 
River  Valley  Area.  (Fig.  7) 


-Price 


Pink  Dunes  and  Central  Kane  County  Area 

The  eastern  border  of  the  Pink  Dunes  and 
Central  Kane  County  area  is  bounded  by  the 
Coxcomb  Ridge  and  the  southern  portion  by 
the  Kaibab  and  Kanab  Plateaus;  the  northern 
limit  is  at  the  base  of  the  Vermillion  Cliffs  as 
far  as  Kanab  Canyon.  North  and  west  of  Kanab 
Canyon  the  boundary  is  at  the  base  of  the 
White  Cliffs,  extending  to  the  edge  of  the 
Sevier  Fault  on  the  west.  The  southern  boun- 
dary of  the  area  is  the  Pink  Dimes  located  on 
the  Unikaret  Plateau.  (Fig.  9) 

(h-egory  (1948  and  1950)  described  the 
geology  and  geography  in  great  detail  for  both 
of  the  above  locations.  The  Pink  Dunes  are  a 
part  of  the  Zion  Park  Region  report  ( 1950  ),  and 
Central  Kane  County  is  a  separate  report 
(1948). 

Pink  Dunes  Station.  The  Pink  Dimes  station  is 
approached  from  U.  S.  Highway  89.  The  turn- 
off  is  about  five  miles  south  of  Carmel  Junction 
in  Kane  County,  and  the  dimes  are  located 
about  eleven  miles  south  of  the  highway.  (For 
details  on  geological  formations  see  Gregory. 
1950.  p.  5.) 

The  downthrow  side  of  the  Sevier  fault 
drains  to  the  west  and  eventually  the  waters 
reach  the  Virgin  River.  The  upthrow  side  drains 
to  Kanab  Creek  and  thence  to  the  Colorado 
River.  Prevailing  winds  from  the  west  trans- 
port fine  erosional  material  from  the  Unikaret 
Plateau  across  Moccasin  I'errace,  and  over  the 
eons  of  time  have  created  the  vast  sandy  area 
which  now  covers  the  Wygaret  Terrace.  This 
terrace  lies  between  the  base  of  the  White  Cliffs 
on  the  north  (Carmel  Sandstone  Formation) 
and  the  top  of  the  southern  edge  of  the  Vermil- 
lion Cliffs  on  the  south. 

Locally,  the  Pink  Dunes  station,  with  ele- 
vations ranging  from  5.700  to  6.000  feet,  has  a 
complex  of  vegetational  types.  Castle  (1954) 
made  a  study  of  the  vegetation  of  the  central 
dune  station.  For  the  purposes  of  this  study,  the 
following  classification  will  suffice: 

The  region  west  of  the  dunes  is  bordered  at 
the  dunes'  edge  by  Gamble's  oak  and  three- 
toothed  sage  which  in  turn  merges  with  a  pin- 
yon-juniper  woodland  extending  westward  to 
and  over  the  Block  Mesas  Other  less  common 
plants  are  antelope  brush  [Purs/iia  tridentata) , 
groimdsel  {Senecio  spartioidcs) .  dogtown  grass 
(Aristida  longiseta)  and  sand  reedgrass  iCala- 
movilfa  gigantea). 

A  very  unique  plant  type  is  found  at  the 
northern  end  of  the  station.  There  is  a  small 
aspen  iPopuIus  trernuloides)  woodland  which 
is  surrounded  by  a  mixture  of  Gamble's  oak, 
willow  (Salix  lutea).  three-toothed  sage,  and 
scattered  junipers. 

Owing   to   a    continuous   movement   of   the 
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central  part  of  the  dunes  area,  plant  life  is 
greatly  reduced  and  in  places  totally  absent  on 
the  dunes  themselves.  However,  at  the  peri- 
meters and  in  more  stabilized  habitats,  the 
composite,  Wyethia  scabra,  grows  in  abun- 
dance. Also  present  are  the  scurfpea  {Psoralea 
stenostachys),  Indian  rice  grass,  yucca,  rabbit- 
brush,  and  a  variety  of  other  grasses  and  forbes. 

The  faunal  picture  for  the  dunes  station  is 
seasonally  incomplete,  but  collections  so  far 
show  the  following  condition.  In  the  sage,  juni- 
per, yellow  pine,  and  aspen  habitats,  the  black- 
tailed  jack  rabbit  is  cominon.  Ord's  kangaroo 
rat,  deer  mouse,  and  the  Great  Basin  pocket 
mouse  are  representative  of  the  smaller  rodents. 
Botta's  pocket  gopher  and  the  northern  grass- 
hopper mouse  are  found  in  more  open  areas  ad- 
jacent to  the  dunes,  and  the  desert  wood  rat  con- 
structs its  houses  at  the  base  of  trees  in  the  pin- 
yon-juniper  woodlands,  where  the  rock  squirrel 
is  also  found. 

Our  knowledge  of  the  birds  of  this  area  is 
very  incomplete.  A  large  colony  of  the  western 
bluebird  (Sialia  mexicana)  nests  in  the  aspen 
grove  near  the  dunes,  and  the  hairy  woodpecker 
(Dendrocopos  villosus)  and  downy  woodpecker 
(Dendrocopos  pubescens)  also  inhabit  this  com- 
munity. The  more  characteristic  birds  of  the 
desert  shrub  types  in  the  vicinity  of  the  dunes 
include  vesper  sparrow,  chipping  sparrow,  horn- 
ed lark,  and  rufous-sided  towhee.  In  the  pinyon- 
juniper  community  both  the  scrub  jay  and  pin- 
on  jay  are  common. 

The  most  common  species  of  lizards  include 
Great  Basin  sagebrush  lizard,  northern  side- 
blotched  lizard — and  in  the  ledge  habitats — the 
northern  cliff  uta.  northern  whiptail,  and  the 
great  basin  skink  (Eumeces  skiltonianus  uta- 
hensis).  Two  species  of  snakes  commonly  seen 
are  the  Great  Basin  gopher  snake  and  the  Great 
Basin  rattlesnake. 

Three  Lakes  Station.  This  is  a  roadside  station 
at  the  head  of  a  canyon  on  U.S.  89  approximate- 
ly twelve  miles  north  of  Kanab  and  three  miles 
north  of  Kanab  Creek  junction.  The  canyon  at 
Three  Lakes  and  the  immediate  environs  which 
include  Kanab  Creek  Canyon  show  several  topo- 
graphic features.  They  range  from  narrow  can- 
yons with  very  little  floor  to  fairly  broad  val- 
leys and  from  steep-sided  canyon  walls  to  gently 
inclined  slopes  or  canyon  slopes  made  up  of 
masses  of  fallen  rocks  and  mounds  of  loose  sand. 

Along  the  canyons  are  cliff  caves  of  various 
sizes  and  kinds  that  have  originated  through 
water  erosion  and  have  resulted  in  interesting 
hydric  conditions.  Some  of  these  are  of  an  open 
type  in  which  the  erosional  products  partly  im- 
pound the  seeping  water  to  form  pools  of  vary- 
ing size  and  depth.  The  open  types  are  rep- 
resented by  those  at  Three  Lakes  station  itself. 
Other  cave  lakes  in  the  area  are  actual  under- 
ground bodies  of  water,  some  of  which  are  as 


much  as  100  feet  long  and  12  to  15  feet  deep. 

The  major  plant  cover  in  the  canyon  is  a 
pinyon-juniper  woodland  with  the  juniper  be- 
ing the  more  abundant.  Antelope  brush,  squaw- 
bush,  and  service  berry  {Amelanchier  pallida) 
occur  in  scattered  clumps  along  the  canyon.  In 
the  canyon  bottoms  and  floodplains  where  side 
canyons  issue,  are  found  rank  stands  of  three- 
toothed  sage  and  localized  patches  of  rabbit- 
brush  (Chysotharnnus  sp.).  Along  sheltered 
areas  of  the  canyon  where  underground  water 
is  more  likely  to  occur,  or  is  retained  from  sea- 
sonal precipitation.  Gamble's  oak  groves  are 
found.  These  groves  are  abundant  near  rock 
caves  where  seep  water  issues  or  where  the  cave 
has  been  damned  off  and  the  accumulated  water 
forced  underground.  In  open  caves  where  seep 
water  is  sufficient  the  maiden  hair  fern  (Adian- 
tiim  pedatum  aleuticum ) .  false  solomon  seal 
(Vagnera  sp.),  columbine  {Aquilegia  sp.).  and 
Penstemon  sp.  are  found.  Either  from  under- 
ground cave  lakes,  open  lakes,  or  as  direct  run- 
off from  seep  seams  along  cliff  faces  there  oc- 
cur meadow-like  habitats  of  varying  size.  In 
these  places,  dependent  on  the  amount  of  water 
flow,  there  may  occur  large  groves  exemplified 
by  those  at  Three  Lakes  where  Cottonwood 
(Populus  jremonti)  and  Gamble's  oak  occur. 
Willow  clumps  (Salix  sp.),  Gamble's  oak,  and 
squaw-bush  grow  rank  in  and  around  the 
marshy  habitats.  Cattails  (Typha  sp.).  rushes 
(J uncus),  and  sedges  (Carex)  are  predominant 
in  the  more  aquatic  habitats.  In  the  meadows 
and  floodplains  along  the  stream  side  at  the  bot- 
tom of  the  canyon  an  occasional  grove  or  single 
tree  of  cottonwoods  rnay  be  seen,  but  for  the 
most  part  the  plant  life  is  made  up  of  various 
species  of  rushes  and  sedges  (Juncus  and  Carex) 
as  well  as  tamarisk  and  some  grasses.   (Fig.  6) 

Mammals  of  the  Three  Lakes  station  are 
similar  in  kind  to  those  of  the  Pink  Dunes. 
Black-tailed  jack  rabbits  and  dessert  cottontails 
are  common  in  the  desert  shrubs,  and  on  the 
more  rocky  slopes  the  cliff  chipmunk  (Eutamias 
dorsalis)  and  rock  squirrel  are  connnon.  Houses 
of  the  desert  wood  rat  (Neotoma  Icpida)  are 
frequently  encountered  around  the  rocky 
ledges.  In  the  sandy  meadows  the  mounds  of 
Botta's  pocket  gopher  are  very  abundant. 

The  availability  of  water  and  the  ample 
cover  attract  a  high  population  of  birds.  The 
more  common  of  these  include  the  jiifion  jay. 
robin,  broad-tailed  hummingbird  (Selaphorus 
platycercus) .  great  blue  heron,  yellow-breasted 
chat,  yellow  warbler,  black-headed  grosbeak 
(Plieucticus  melanocephalus) ,  y  e  1 1  o  w-bellied 
sapsucker  (Sphyrapicus  varius),  red-shafted 
flicker,  white-throated  swift,  house  finch,  wes- 
tern kingbird,  mourning  dove,  western  meadow- 
lark  (Sturnella  neglecta),  sparrow  hawk,  and 
Cooper's  hawk  {Accipiter  cooperii). 

We  have  found  the  Rocky  Mountain  toad 
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and  western  leopard  frog  at  this  station.  The 
reptiles  do  not  appear  to  differ  from  those  found 
at  the  preceding  station  e.vcept  for  the  occur- 
rence of  the  wandering  garter  snake  near  the 
streams  and  the  night  snake  on  the  rocky  slopes. 
Navajo  Wells  Station.  That  part  of  Central 
Kane  County  included  in  this  area  extends  from 
Kanab  eastward  to  and  including  the  northern 
part  of  House  Rock  Valley.  The  road  eastward 
from  Kanab  follows  a  route  about  two  miles 
south  of  the  Vermillion  Cliffs  to  Navajo  Wells. 
The  highw^ay  continues  in  a  northeasterly  di- 
rection across  an  extensive  plain  on  which  the 
vegetation  is  almost  a  pure  stand  of  three-tooth- 
ed sage.  Northwestward  near  the  base  of  the 
Vermillion  Cliffs  the  sage  plain  merges  into  a 
pinyon-juniper  woodland.  This  extensive  sage- 
brush plain  continues  for  many  miles  eastward 
to  the  Coxcomb  (Kaibab  monocline).  (Fig.  8) 

Mannnals  in  the  above-described  region  ap- 
pear to  be  uniformly  distributed,  as  would  be 
expected  from  the  almost  uniform  type  of  habi- 
tat. Ord's  kangaroo  rat  is  very  common  in  the 
pinyon-juniper  and  in  sandy  habitats  northeast 
of  Navajo  Wells.  The  northern  grasshopper 
mouse  has  been  collected  in  sandy  habitats 
north  of  Navajo  Wells,  and  the  white-tailed 
antelope  squirrel  is  found  in  the  rocky  ledges 
of  the  same  locality.  Desert  wood  rats  are  found 
in  these  same  ledges,  along  with  the  pinon 
mouse.  The  deer  mouse  is  present  throughout 
the  entire  region  regardless  of  habitat.  The 
black-tailed  jack  rabbit  and  the  desert  cottontail 
are  also  widely  distributed. 

The  open  sagebrush  plains  support  a  rather 
sparse  population  of  birds.  The  black-throated 
sparrow,  sage  thrasher,  raven,  horned  lark,  and 
mockingbird  are  the  most  common  species. 

fn  this  area  we  have  foimd  a  rich  reptile 
fauna  but  few  amphibians.  Perhaps  the  most 
common  of  the  latter  is  the  Great  Basin  spade- 
foot.  Only  a  few  Rocky  Mountain  toads  and 
western  leopard  frogs  have  been  seen. 

The  more  common  lizards  of  this  area  in- 
clude the  Great  Basin  sagebrush  lizard,  leopard 
lizard,  side-blotched  lizard,  southern  desert 
horned  lizard,  and  northern  whiptail,  seen 
throughout  the  sage-covered  valleys  and  along 
the  edge  of  the  rocky  slopes.  On  the  rocky  slopes 
and  nearby  ledges  the  following  lizards  occur: 
western  collared  lizard  (Crotnphytus  c.  baileyi), 
Utah  spiny  lizard,  northern  cliff  uta,  and  Great 
Basin  sagebrush  lizard. 

Snakes  common  to  this  area  include  the 
desert  striped  whipsnake.  Great  Basin  gopher 
snake  and  the  Great  Basin  rattlesnake.  On  the 
rocky  slopes  the  spotted  night  and  the  Utah 
black-headed  (tautllla  utahensis)  snakes  occur 
fommonl.y. 

Paria  Basin  —  Paria  Plateau  Area 

Paria  Basin  is  a  vast,  U-shaped  geological 
formation,  flanked  on  the  west  by  the  Paunsau- 
gunt  Plateau.  The  colorful  fonnations  of  Brvce 


Canyon  National  Park  are  found  along  the  east 
rim  of  this  plateau  The  north  end  of  the  basin 
is  bounded  by  the  general  region  of  the  Esca- 
lante  Mountains,  of  which  the  Table  Cliff  Pla- 
teau is  the  southernmost  extension.  The  south- 
ern part  of  the  basin  merges  into  the  White 
and  Vermillion  Cliffs  mentioned  previously  in 
the  Central  Kane  Comity  discussions.  The 
eastern  boundary  is  distinctively  marked  by  the 
upturned  rocks  of  the  Coxcomb,  creating  a  land- 
scape so  rugged  that  east-west  travel  is  almost 
impossible,  and  any  such  traverse  nuist  follow 
a  north-south  route  between  the  upturned  rocks. 
The  small  villages  of  Tropic,  Cannonville,  and 
llenriville  are  located  in  the  upper  part  of  the 
basin.  Drainage  is  from  north  to  southeast,  cut- 
ting across  several  thousand  feet  of  varied  geolo- 
gical formations  from  the  rim  at  Bryce  Canyon 
to  the  place  where  the  accunuilated  drainage 
cuts  southeast  across  the  Coxcomb.  The  combin- 
ed waters  draining  into  the  basin  form  the  Paria 
River.  Many  of  the  streams  have  local  names. 
However,  there  is  one  principal  channel  known 
as  Cottonwood  Creek  which  runs  along  the  east 
flank  of  the  basin  along  the  Kaibab  Monocline, 
ft  unites  with  all  the  other  drainage  channels 
in  the  basin  at  the  point  where  the  united 
streams  traverse  the  Coxcomb  at  the  southeast 
corner. 

According  to  Gregory  ( 1948).  the  land  now 
known  as  the  Paria  Basin  was  originally  higher 
than  the  Paunsaugunt  Plateau.  As  a  result  of 
north-south  faulting,  the  Escalante  Mountains, 
including  the  Table  Cliff  Plateau,  became  a 
portion  of  the  upthrow  block,  while  the  east 
rim  of  the  Paunsaugunt  Plateau  ( Bryce  Can- 
yon rim)  became  a  remnant  of  the  downthrow. 
In  some  places  the  displacement  amounts  to  at 
least  1,500  feet. 

The  Paria  Plateau  is  hounded  on  the  west  by 
the  Coxcomb  Bidge.  The  old  abandoned  town- 
site  of  Adairville  is  found  at  the  northwest  cor- 
ner of  the  plateau.  On  the  northern  boimdary 
are  the  low  cliffs  of  the  Kaiparowits  Plateau. 
The  Wahweap  Creek  runs  at  the  base  of  this 
plateau  as  it  courses  southeastward  to  the  Colo- 
rado Biver.  Shortly  after  Paria  Biver  breaches 
the  Coxcomb  it  runs  for  some  distance  in  a 
broad  river  valley,  but  soon  after  passing  the 
town  of  Adairville  it  progressively  deepens  into 
a  narrow,  meandering  gorge  eventually  uniting 
with  the  Colorado  River  a  few  miles  south  of  the 
Glen  Canyon  damsite.  East  of  the  Paria  River 
near  Adairville  the  landscape  becomes  an  ex- 
tensive flatland  known  as  Clark's  Bench.  This 
benchland  terminates  about  halfway  between 
.Vdairv'ille  and  the  Glen  Canyon.  At  this  point 
the  bench  drops  gradually  over  the  Echo  Mono- 
cline and  spreads  out  south  and  eastward  as  a 
relatively  flat  tableland  terminating  at  the  Colo- 
rado River. 

In  the  Paria  Basin  the  three-tooth  sage  pre- 
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dominates  the  valley  flora  with  rabbitbrush  be- 
ing more  abundant  along  stream  courses.  Foot- 
hills and  bluffs  have  typical  pinyon-juniper 
woodlands  varying  from  scattered  clumps  to  a 
continuous  forest. 

In  the  upland  sage  and  pinyon-juniper  habi- 
tats are  found  such  mammals  as  Botta's  pocket 
gopher,  deer  mouse,  pinon  mouse,  Great  Basin 
pocket  mouse,  desert  wood  rat.  Ord's  kangaroo 
rat,  desert  cottontail,  and  black-tailed  jack  rab- 
bit. In  the  deeply  incised  canyons  are  the  desert 
wood  rat,  cliff  chipmunk,  white-tailed  antelope 
squirrel,  deer  mouse,  and  canyon  mouse.  The 
Cottonwood  Wash  (Canyon),  which  is  at  the 
eastern  boundary  of  the  basin,  is  a  fantastically 
formed  geological  structure,  and  in  it  are  fovuid 
complex,  locally  differentiated  ecological  en- 
vironments due  to  varied  edaphic,  structural, 
and  hydrographic  conditions.  The  several  kinds 
of  biotic  communities  certainly  would  bear  ex- 
tensive and  careful  study. 

At  the  western  portion  of  the  Paria  Plateau 
in  the  vicinity  of  the  Coxcomb  the  vegetation 
picture  is  of  two  general  types.  In  the  more 
rocky  areas  pinyon-juniper  woodland  predomi- 
nates, with  mixture  of  sei-vice  berry,  cliff  rose, 
silver  buffalo  berry  (Lepargyrea  argentea), 
and  holly  oak  ( Quercus  wilcoxi ) .  In  sandy 
habitats  are  the  narrow  and  broad-leaved  yucca, 
old  man  sage,  Indian  rice  grass,  desert  beauty 
(Dalea  johnsoni)  and  occasional  clumps  of  joint 
fir. 

Mammals  characteristic  of  the  rugged  Cox- 
comb Ridge  are  the  pinon  mouse,  desert  wood 
rat,  and  cliff  chipnumk.  The  long-tailed  pocket 
mouse  {Perognathus  formosus)  is  also  present 
but  uncommon. 

Birds  common  to  the  area  are  the  house 
finch  and  the  mourning  dove.  Characteristic 
pinyon-juniper  birds  are  also  present  and  in- 
mlude  the  ash-throated  flycatcher,  scrub  jay. 
pinon  jay,  and  black-throated  gray  warbler. 

Eastward  beyond  the  Paria  River  is  Clark's 
Bench  of  the  Paria  Plateau.  The  western  portion 
is  an  extensive  grassland,  with  Indian  rice  grass 
and  galleta  grass  {Hilaria  jamesi)  predominat- 
ing. In  the  sandy  habitats  small  hummocks  of 
joint  fir  and  narrow-leaved  yucca  are  the  domi- 
nant plants.  A  few  junipers  grow  on  the  higher 
elevations  of  Clark's  Bench  all  along  the  route 
from  Adairville  to  the  Glen  Canyon  damsite. 
Generally  speaking,  predominant  vegetation  of 
Clark's  Bench  is  grassland  to  the  Echo  Mono- 
cline and  blackbrush  {Coleogyne  ramosissima) 
from  there  to  Glen  Canyon  damsite.   (Fig.  14) 

Mammal  life  is  similar  throughout  the  Paria 
Plateau.  The  desert  wood  rat  is  restricted  to 
rocky  situations  or  more  heavily  wooded  areas, 
and  the  canyon  mouse,  pinon  mouse,  and  white- 
tailed  antelope  squirrel  occur  in  similar  habi- 
tats. On  the  extensive  sandy  flats,  the  most 
common    mammal    is   the   little   pocket   mouse 


(Perognathus  longimembris) .  Ord's  kangaroo 
rat  is  also  abundant  and  the  northern  grasshop- 
per mouse  occurs  in  small  numbers.  We  have 
found  the  deer  mouse  to  be  relatively  uncom- 
mon throughout  the  Paria  Plateau.  The  black- 
tailed  jack  rabbit  and  desert  cottontail  have 
their  greatest  populations  along  the  stream 
courses  where  there  is  cover,  but  limited  num- 
bers of  these  are  also  fovmd  on  higher  ridges,  es- 
pecially where  there  are  junipers  and  taller 
shrubs. 

In  the  Paria  Basin  and  Paria  Plateau  area 
we  have  found  the  richest  fauna  of  amphibians 
and  reptiles  in  the  Upper  Basin.  The  low  eleva- 
tion near  and  at  Glen  Canyon  and  the  influence 
of  the  southern  slopes  presumably  has  provided 
habitats  suited  to  some  of  the  species  which 
conmionly  occur  in  the  Lower  Colorado  River 
Basin.  Such  species  as  the  canyon  tree  frog 
{Hyla  arenicolor)  along  the  Glen  Canyon,  the 
chuckwalla  {Sauromalus  obesus  ohesus)  from 
the  Glen  Canyon  up  the  Wahweap  Creek  and  as 
far  west  as  the  Coxcomb  Ridge,  and  the  Mojave 
patch-nosed  snake  (Salvadora  hexalepis  mo- 
javensis)  are  examples  of  the  southern  element. 

Because  of  the  gradual  decrease  in  elevation 
as  one  moves  from  the  Paria  Basin  to  the  Paria 
Plateau  and  the  Glen  Canyon  rim,  one  encoun- 
ters an  increasing  number  of  species  for  the 
area.  In  the  basin  near  Tropic  and  Cannon- 
ville,  the  Utah  tiger  salamander.  Rocky  Moun- 
tain toad,  leopard  frog,  Great  Basin  sagebrush 
lizard,  plateau  lizard,  northern  side-blotched 
lizard,  mountain  short-horned  lizard,  northern 
whiptail,  plateau  whiptail.  Great  Basin  skink, 
wandering  garter  snake.  Great  Basin  gopher 
snake,  night  snake,  and  midget  faded  rattle- 
snake are  apparently  common. 

In  the  lower  part  of  the  basin  near  the  old 
ghost  town  of  Paria  we  find  the  same  species 
except  for  the  skink  and  the  occurrence  of  the 
(ireat  Basin  rattlesnake  instead  of  the  midget 
faded  rattlesnake.  At  this  locale,  the  Great 
Basin  spadefoot.  red-spotted  toad,  Utah  spiny 
lizard,  and  western  collared  lizard  were  also 
common.  The  presence  of  the  Great  Basin  rattle- 
snake may  indicate  an  ingress  to  this  basin 
from  the  valleys  on  the  west. 

From  the  Coxcomb  eastward  across  Clark's 
Bench  to  the  Glen  Canyon  one  encounters  in 
the  appropriate  habitats  approximately  the 
same  species  as  those  found  in  the  lower  por- 
tion of  the  Paria  Basin.  As  indicated  above,  the 
species  of  the  southern  element  also  occur  here. 
We  have  also  taken  the  southern  desert  horned 
lizard  near  Lone  Rock  and  the  LTtah  black- 
headed  snake  on  the  Coxcomb.  The  Great  Basin 
rattlesnake  has  not  been  taken  east  of  the  Cox- 
comb. 

Kaiparowits  Plateau-Escalante  Basin  Area 
The  borders  of  the  Kaiparowits  Plateau  as 
referred  to  in  this  study  are  Glen  Canyon  of 
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the  Colorado  River  on  the  soutlieast.  the  rim  of 
the  Straight  Cliffs  on  the  northeast,  and  the 
Aquarius  and  Table  Cliff  Plateaus  on  the  north 
and  northwest  respectively,  with  the  upturned 
rocks  of  the  East  Kaibab  Fold  on  the  west  ( East- 
ern Rim  of  Paria  Basin).  The  southern  boun- 
dary at  its  western  half  is  marked  by  the  es- 
carpments which  are  at  the  northern  edge  of 
the  Paria  Plateau,  and  the  eastern  half  by  Wah 
weap  Creek. 

The  region  constituting  the  Kaiparowits  Pla- 
teau has  not  been  surveyed  by  us  to  any  ap- 
preciable extent.  At  only  a  few  places  along  the 
eastern  rim  is  the  summit  accessible.  The  west- 
ern approach  is  quite  prohibitive  due  to  the  rug- 
ged canyon  type  of  topography.  The  main  ac- 
cess is  by  means  of  dirt  roads  leading  south- 
ward from  Escalante  and  keeping  more  or  less 
to  the  rim  area  of  the  Straight  Cliffs.  The  pla- 
teau is  a  massive  upturned  block  sloping  west- 
ward and  southward  with  the  northeastward 
facing  escarpment  standing  high  above  the  Es- 
calante Basin. 

The  Escalante  Basin,  for  the  purpose  of 
this  study,  includes  Potato  Valley,  the  foothills 
of  the  Aquarius  Plateau  west  of  the  Escalante 
Monocline,  and  all  of  the  region  between  the 
Escalante  River  and  the  Straight  Cliffs  south- 
ward to  the  Colorado  River.  With  the  exception 
of  Harris'  Wash,  which  originates  on  top  of 
the  northeast  comer  of  the  Kaiparowits  Plateai'. 
and  Collett  Creek,  which  likewise  originates  on 
the  plateau,  most  of  the  streams  running  east- 
ward to  the  Escalante  River  are  basin  borne. 
This  is  especially  true  of  the  region  below  Col- 
lett Creek.  The  streambeds  have  their  origin 
at  the  base  of  the  steep  walled  Straight  Cliffs 
and  are  shallow  and  dry  at  their  heads  except 
following  summer  rains  and  the  seasonal  win- 
ter precipitation.  As  the  streams  flow  eastward 
they  rapidly  descend  and  soon  are  found  at  the 
bottom  of  deep  and  meandering  canyons  (Fig. 
17). 

The  land  nearest  the  Straight  Cliffs  is  more 
or  less  sandy,  but  the  eastern  half  of  the  area 
for  the  most  part  is  bare  sandstone.  In  certain 
places  this  bare  rock  surface  is  abundantly  pro- 
vided with  naturally  eroded  pockets  of  varying 
dimensions.  Some  are  completely  bare  inside 
while  others  have  a  rank  growth  of  plant  life 
including  large  Cottonwood  trees.  Some  of  the 
pockets  are  inaccessible  while  others  may  be 
easily  entered.  (Fig.  17) 

In  order  to  facilitate  a  general  description 
of  the  faunistic  picture  of  Escalante  Basin, 
three  stations  have  been  selected  which  are 
characteristic  for  the  basin  as  a  whole.  The 
selected  stations  are  Escalante,  Calf  Creek  Cros- 
sing, and  Willow  Tank  Springs. 
Escalante  Station.  This  station  includes  an  area 
in  the  vicinity  of  the  town  of  Escalante.  Pin- 
yon-juniper  woodland  is  the  predominant  vege- 


tation, accompanied  by  local  plant  variants  such 
as  greasewood  in  the  more  alkaline  habitats 
and  the  Fremont  cottonwood,  rabbitbrush, 
three-tooth  sage,  tamarisk,  willow,  and  meadow- 
lands  which  are  found  on  the  fUxxlplains. 

Mammals  at  this  station  include  the  yellow- 
bellied  marmot  found  at  the  base  of  the  Aqua- 
rius Plateau  and  Botta's  pocket  gopher  found  in 
the  fields  about  the  town  of  Elscalante  and 
along  water  courses.  On  the  more  rocky  slopes 
at  the  head  of  Escalante  Canyon,  near  the  town 
of  Escalante.  the  Colorado  chipmunk  and  the 
white-tailed  antelope  squirrel  are  seen.  The 
desert  wood  rat  is  found  in  the  rocky  areas,  but 
its  nests  are  also  found  in  the  pinyon-juniper 
woodlands.  In  the  more  open  habitats  along 
streams  as  well  as  in  the  desert  and  among  the 
pinyon  and  junipers  the  black-tailed  jack  rab- 
bit is  a  common  species.  The  deer  mouse  is 
widely  distributed  throughout  all  habitats. 

Birds  found  here  are  the  rufous-sided  tow- 
hee.  Say's  phoebe,  blue-gray  gnatcatcher,  sa- 
varmah  sparrow  (Passercuhts  sandwichensis), 
western  wood  pewee.  lark  sparrow,  mountain 
bluebird,  pinon  jay  and  scrub  jay.  In  the  can- 
yon the  cliff  swallow  ( Petrochelidon  pyrrhon- 
ota)  nests  in  great  abimdance,  and  the  canon 
wren  and  white-throated  swift  are  typical  in- 
habitants. In  meadows  near  the  river  and  ir( 
the  irrigated  fields  about  town  are  found  Bul- 
lock's oriole.  Brewer's  blackbird,  redwinged 
blackbird  (Agelaius  phocniceus),  and  western 
meadowlark.  The  western  kingbird,  robin,  red- 
shafted  flicker,  mockingbird,  yellow  warbler, 
sparrow  hawk,  and  house  finch  are  frequently 
seen  along  the  streamsides. 

This  station  does  not  support  a  large  va- 
riety of  amphibian  and  reptile  species,  the 
most  common  ones  being  the  Rocky  Mountain 
toad,  leopard  frog.  Great  Basin  sagebrush  liz- 
ard, northern  side-blotched  uta,  Cireat  Basin 
gopher  snake,  wandering  garter  snake  and  mid- 
get faded  rattlesnake. 

Calf  Creek  Crossing  Station.  (Fig.  18).  This  sta- 
tion is  located  about  eight  miles  downstream 
from  the  town  of  Escalante.  At  this  point  the 
canyon  floor  is  relatively  wide  in  contrast  with 
most  of  the  Escalante  Canyon  which  is  steep 
walled  and  very  difficult  of  access.  The  Calf 
Creek  Crossing  Station  is  an  excellent  example 
of  open  canyon  type  of  habitat  in  which  the 
canyon  walls  rise  as  a  series  of  benchlands  or 
shelves. 

The  pinyon-juniper  woodlands  extend  down 
into  the  canyons.  They  are  found  in  dense 
growths  on  canyon  shelves,  canyon  benchlands, 
and  even  on  nearly  bare  sandstone  and  rocky 
areas  where  protection  affords  some  opportuni- 
ty for  growtli.  On  the  benchlands  and  at  other 
places  in  the  canyon  varying  amounts  of  sand 
deposits  occur  that  have  been  blown  down  from 
the  deserts  above.  Old  man  sage  and  joint  fir 
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Fig.   17.     Topographic  and  biotic  features  of  the  canyon  country  in  the  re- 
gion of  the  Escalante  Basin. 

A.  1.  Straight  CHffs  formation  with  pinyon  and  juniper  at  the 
base.  2.  Extending  eastward  is  a  sandy,  relatively  level  country 
covered  in  the  main  by  Kramer ia  and  black  brush.  3.  East  of 
the  sandy  desert  is  a  baiTen  sandstone  formation,  dissected  by 
many  canyons  represented  in  this  drawing  by  the  Escalante 
Canyon,  6.  At  the  edge  of  the  Escalante  River,  7,  are  found 
rank  growths  of  tamerisk  and  cottonwood.  Dotted  line  enclos- 
ing 3  and  4  represents  the  block  of  land  removed  and  as  illus- 
trated in  B  below. 

B.  This  is  a  diagrammatic  section  of  1  and  3.  Number  1  area  has 
been  sectioned  to  identify  seep  seams.  Number  2  has  been  left 
intact;  3  is  seen  in  section  profile  to  show  a  generalized  view  of 
the  steep  canyon  walls  wliich  is  characteristic  of  most  of  the 
canyon  lands  of  the  Upper  Basin.  Note  the  seep  seams.  Drain- 
age from  the  country  above,  plus  the  water  from  the  seep 
seams,  contributes  to  the  formation  of  erosional  features  as  pot- 
holes and  deeply  recessed  alcoves  as  shown  just  below  number 
3,  or  at  5  which  in  this  drawing  is  the  Escalante  Canyon.  The 
alcove  and  pot  holes  in  3  is  in  Coyote  Gulch. 

C.  This  is  an  enlarged  sketch  of  area  5  B.  The  amount  of  seep 
water  will  determine  the  biotic  feature  of  the  alcoves,  8.  With 
sufficient  water  present  the  alcoves  will  support  a  luxurient, 
hanging  garden  composed  both  of  hydrophytic  and  of  mesophy- 
tic  plants. 
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are  the  predominant  plants  in  such  habitats.  In 
protected  places  such  as  at  the  base  of  cliffs, 
the  desert  ash.  cliff  rose,  silver  buffalo  berry. 
Gamble's  oak,  and  service  berry  are  found 
Where  domestic  stock  cannot  graze,  these 
shelves  support  rank  growths  of  grasses  of  sev- 
eral species.  At  the  canyon  floor  level  the  Fre- 
mont Cottonwood  is  the  predominant  plant 
During  certain  seasons  of  the  year,  their  seed- 
lings provide  a  green  carpet  along  the  river's 
edge  only  to  be  washed  away  by  summer  floods 
Three-toothed  sage,  rabbit  brush.  Datura,  and 
tamarisk  grow  on  slightly  elevated  river  banks. 
In  more  protected  areas  are  clumps  of  willow, 
squaw-bush.  Gamble's  oak,  and  boxelder 
Where  side  streams  or  seep  seams  issue,  maple, 
birch  and  willows  are  found  as  well  as  sedges 
{Carei  concolor,  C.  kelloggii,  C.  rostrata) ,  bull- 
rush  {Scirpus  olneyi).  columbine  (Aquilegia 
micrantha),  penstemons,  scouring  rush,  Indian 
paint  brush  (Castilleja) .  and  Smilicina.  At  the 
river  level  may  be  found  seasonal  blanket 
growths  of  Russian  thistle  {Salsola  pestijer) 
and  bee  flower  {Cleome  lutea). 

Some  of  the  mammals  at  Calf  Creek  Cross- 
ing station  are  not  appreciably  different  from 
those  inhabiting  the  desert  flat  lands  that  ex- 
tend outward  from  the  canyon  rim.  Typical  of 
these  are  Ord's  kangaroo  rat  and  the  noi-thern 
grasshopper  mouse,  which  have  an  extensive 
and  more  or  less  continuous  horizontal  distri- 
bution on  the  sandy  flatlands  above,  while  in 
the  canyons  their  ranges  are  restricted  to  places 
of  smaller  dimension  where  sand  deposits  af- 
ford suitable  places  to  live.  These  places  are 
usually  found  on  the  canyon  shelves.  Mammals 
which  are  more  or  less  restricted  to  the  canyon 
are  the  Colorado  chipmunk,  cliff  chipmunk 
rock  squirrel,  brush  mouse  and  pinon  mouse 
The  desert  wood  rat  and  deer  mouse  are  also 
common  inhabitants  of  the  canyon.  The  coyote 
{Canis  latrans)  was  at  least  formerly  a  com 
mon  inhabitant  of  the  canyon.  Occasionally  the 
black-tailed  jack  rabbit  wanders  from  the  desert 
land  above  into  the  more  open  canyon  region^. 

Several  kinds  of  ducks  and  the  great  blue 
heron  are  found  along  the  water  courses.  In 
those  areas  of  the  canyon  where  there  is  ample 
cover,  the  Gamble's  quail  (Lophortyx  gam- 
belli) .  rufous-sided  towhee.  Say's  phoebe  and 
mourning  dove  are  foimd.  Bullocks  oriole,  the 
house  finch,  yellow  warbler,  ash-throated  flv- 
catcher.  black-headed  grosbeak,  broadtailed  and 
black-chinned  hummingbirds  and  western  wood 
pewee  are  some  of  the  birds  frequenting  thr' 
canyon  bottoms.  Scattered  more  or  less  in  the 
canyon  benchlands  and  especially  where  pin- 
yons  and  junipers  are  located  will  be  found  the 
scrub  jay.  ash-throated  flycatcher,  and  com- 
mon bush  tit.  The  white-throated  swift,  canon 
WTen  and  rock  wren  are  also  common  inhabi- 
tants of  the  canyon. 


Three  toads  are  common  at  this  station  and 
are  found  in  abundance  along  the  river  at  even- 
ings. On  the  evening  of  July  3,  1938,  a  count 
was  made  of  the  toads  found  along  the  river 
from  the  junction  of  Calf  Creek  for  approxi- 
mately one  third  of  a  mile  downstream.  All 
toads  found  were  placed  in  cloth  bags  and  after 
one  hour  were  counted.  We  secured  110  in- 
dividuals of  which  93  were  Rocky  Mountain 
toads,  14  were  red-spotted  toads,  and  3  were 
Great  Basin  spadefoots.  Most  were  found  in 
or  along  the  stream  and  were  rather  evenly 
distributed.  This  represents  a  feeding  popula- 
tion rather  than  a  breeding  one.  for  we  found 
the  newly  metamorphosed  toads  of  both  biifos 
near  a  pond  at  the  junction  of  the  stream. 

The  most  connnon  lizards  in  the  narrow 
river  valley  are  the  northern  plateau,  northern 
side-blotched  uta.  northern  cliff  uta,  and  north- 
ern whiptail.  We  did  not  find  snakes  to  be 
common,  perhaps  because  of  the  difficulty  of 
finding  them  among  the  nimierous  rocks  in 
this  habitat.  Our  records  indicate  that  the  west- 
ern striped  racer.  Great  Basin  gopher  snake, 
and  midget  faded  rattlesnake  are  present. 
Willow  Tank  Spring  Station.  Typical  of  the 
desert  flatlands  in  the  Escalante  Basin  is  the 
station  at  Willow  Tank  Springs.  This  is  a  gov- 
ernment-developed watering  place  for  range 
stock  located  at  the  head  of  Coyote  Gulch. 
It  is  approximately  forty-five  miles  south- 
east of  Escalante  and  about  three  miles  north- 
east of  the  base  of  the  Straight  Cliffs.  At 
this  point  the  Straight  Cliffs  rise  about  2,000 
feet  above  the  desert  floor.  Willow  Tank 
Springs  is  at  the  head  of  an  arroyo  known  as 
Hurricane  (iulch,  a  tributary  of  the  main  can- 
yon of  Coyote  fiulch.  The  latter  drops  dowai 
from  the  desert  floor  level  at  Willow  Tank 
Springs  at  5.000  feet  to  4,200  feet  at  the  Escal- 
ante Biver,  a  descent  of  about  800  feet  in  ten 
miles.  Black  brush  and  Kramaria  dominate  the 
vegetational  landscape  on  the  desert  flatlands 
with  l(Kal  patches  of  joint  fir  and  old  man  sage 
in  more  sandy  situations.  .Junipers  are  restrict- 
ed more  or  less  to  the  base  of  the  Straight  Cliffs 
and  to  the  washes  which  drain  into  the  main 
canyon.  At  Willow  Tank  Springs  there  is  a 
mixture  of  desert  floor  vegetation  and  the  can- 
yon type  with  squaw-bush  and  desert  ash  pre- 
dominating. 

The  northern  grasshopper  mouse.  Ord's  kan- 
garoo rat.  deer  mouse,  little  pocket  mouse  and 
Botta's  pocket  gopher  are  the  most  characteris- 
tic mammals  of  the  desert  flats  Grasshopper 
mice  and  kangaroo  rats  are  especially  abundant 
around  hummocks  of  joint  fir.  The  little  pocket 
mouse  ranges  over  a  variety  of  habitats  from 
l)ure  sand  to  gravel]\  soil  and  even  bare  rocks. 
The  white-tailed  antelope  squirrel  occurs  prin- 
cipally in  the  washes  and  over  the  gravelly  or 
rocky  hillsides.  Desert  wood  rats  are  confined 
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to  rocky  areas  and  biaish  situations  which  afford 
suitable  habitats  for  their  nest  construction. 
The  black-tailed  jack  rabbit  ranges  throughout 
the  entire  area.  The  western  pipistrelle  bat 
(Pipistrellus  hesperus)  is  common  in  the  even- 
ing over  the  water  pockets  and  seep  springs. 

Birds  most  common  to  the  area  and  widely 
distributed  are  the  loggerhead  shrike  {Lanius 
ludovicianus) .  black-throated  sparrow,  horned 
lark,  and  common  nighthawk.  In  the  areas  near 
water  where  squaw-bush  thickets  are  found. 
Say's  phoebe,  the  ash-throated  flycatcher,  mock- 
ing bird,  mourning  dove  and  house  finch  occur. 

Our  records  suggest  that  there  is  little 
difference  in  the  kinds  of  reptiles  here  and 
those  taken  at  Calf  Creek  Crossing.  However, 
as  one  descends  into  the  deep  gorges  such  as 
Coyote  Gulch,  the  canyon  tree  frog  is  common 
in  the  pot  holes.  Along  the  lower  Escalante 
River  the  western  leopard  frog  is  common  and 
the  chuckwalla  occurs  in  the  ledges  of  the 
canyon  wall. 

Approximately    15   miles   northwest   of  the 

Willow  Tank  Springs  we  took  a  specimen  of  the 

California  king  snake.  It  was  on  the  road  in  the 

desert  shrub  habitat. 

Escalante  Canyon-Water  Pocket  Fold-Circle 

Cliffs  Area 

The  Water  Pocket  Fold  and  the  Circle  Cliffs 
are  considered  together  as  one  geological  unit, 
but  they  are  actually  two  separate  formations. 
The  Water  Pocket  Fold  is  a  monoclinal  struc- 
ture extending  from  Thousand  Lake  Mountain 
in  Wayne  County  on  the  north  to  a  point  just 
south  of  the  Colorado  River,  a  distance  of  more 
than  eighty  miles.  In  and  around  the  Circle 
Cliffs  area  the  upturned  limbs  of  the  fold  are 
remarkably  exposed  while  in  the  southern  por- 
tion the  flexure  is  more  or  less  continuous. 

For  the  purpose  of  this  report  the  boundaries 
of  the  area  under  immediate  discussion  are  the 
Escalante  River  (Canyon)  on  the  southwest, 
the  Colorado  River  on  the  southeast.  Hall's 
Creek  on  the  east  and  the  rim  of  the  Circle 
Cliffs  on  the  north. 

Aside  from  the  Circle  Cliffs  region  and  the 
outlying  town  of  Boulder  at  the  base  of  the 
Aquarius  Plateau,  very  little  natural  history 
observation  has  been  done  by  us  in  this  area. 
The  lower  part  of  the  Water  Pocket  Fold  of- 
fers an  unusual  condition  in  natural  history 
study  with  respect  to  the  water  pockets  which 
occur  in  great  numbers  and  variety  of  sizes. 
The  western  side  of  the  flexure  has  a  number  of 
major  canyons  and  many  minor  canyons  which 
drain  to  the  Escalante  River.  From  the  stand 
point  of  canyon  structure  and  the  overall  biofic 
nature,  all  of  these  canyons  are  similar  to  those 
described  for  Calf  Creek  Crossing  or  Coyote 
Gulch. 

In  the  summer  of  1939  an  expedition  was 
conducted  along  the  entire  length  of  the  Esca- 


lante Canyon,  returning  via  Hole-in-the-Rock 
Crossing  on  the  Colorado  River  and  Escalante 
Basin  to  the  town  of  Escalante.  As  a  part  of  this 
survey  the  major  canyons  leading  to  the  Water 
Pocket  Fold  were  checked  at  their  lower  ex- 
tremities. Since  the  1939  survey  several  special 
surveys  have  been  conducted  to  the  canyons 
which  drain  the  Escalante  Basin  and  empty  in- 
to the  Escalante  River.  All  of  these  canyons  were 
found  to  have  a  similar  geology  and  ecology. 
It  therefore  can  be  concluded  that  the  lower  part 
of  the  canyons  draining  the  Water  Pocket  Fold 
are  not  dissimilar  to  the  western  drainage  from 
the  Escalante  Basin.  The  upper  reaches  of  these 
tributaries  are,  however,  topographically  and 
ecologically  much  different  on  each  side  of  the 
Escalante  River.  The  Escalante  Basin  previously 
described  is  relatively  sandy,  whereas  the  Wa- 
ter Pocket  Fold  is  to  a  great  extent  barren  sand- 
stone. 

The  flora  at  the  base  of  the  Circle  Cliffs  is 
niainly  a  pinyon-juniper  woodland  with  exten- 
sive intei-yening  regions  of  three-toothed  sage. 
Also  present  in  restricted  localities  are  Gamble's 
oak  groves  and  patches  of  rabbitbrush.  The 
pinyon-juniper  woodlands  seem  to  be  relegated 
to  the  mesas  and  the  benchlands.  The  sage  oc- 
cupies the  floor  of  the  Circle  Cliff  basin  itself. 
In  the  washes  and  canyons  are  found  joint  fir, 
yucca,  service  berry,  oak.  Palmer's  penstemon, 
and  silver  buffalo  ben-y  plus  a  host  of  other 
species  of  plants,  mostly  flowering  annuals. 

Mammals  common  to  the  Circle  Cliffs  are 
the  black-tailed  jack  rabbit,  desert  cottontail. 
Colorado  chipmunk,  rock  squirrel,  white-tailed 
antelope  squirrel,  desert  wood  rat,  Ord's  kan- 
garoo rat.  deer  mouse,  and  coyote. 

Typical  birds  of  the  Circle  Cliffs  basin  in- 
clude the  mourning  dove,  scrub  jay.  Say's 
phoebe,  vesper  sparrow,  blue-gray  gnatcatcher, 
ash-throated  flycatcher,  rock  wren,  house  finch, 
green-tailed  towhee,  piiion  jay,  rufous-sided 
towhee.  raven,  black-throated  gray  warbler, 
plain  titmouse,  and  connnon  bush  tit. 

In  the  springs  of  Indian  Gulch  and  at  the 
Moki  tanks  we  found  the  tadpoles  of  the  Rocky- 
Mountain  toad  and  on  the  night  of  June  29. 
1938,  after  a  heavy  rain,  the  Great  Basin  spade- 
foot  was  calling  along  the  stream  bed  of  Indian 
Gulch. 

Such  lizards  as  the  northern  plateau.  Great 
Basin  sagebrush,  northern  cliff  uta.  and  north- 
em  whiptail  were  conmion  at  the  Circle  Cliffs. 
We  do  not  have  snake  records  from  this  im- 
mediate area;  however,  we  do  have  records  for 
the  wandering  garter  snake  and  the  Great  Ba- 
sin gopher  snake  at  Boulder.  A  midget  faded 
rattlesnake  was  taken  on  a  sand  dune  along  the 
Escalante  River  about  30  miles  froin  the  Colo- 
rado River. 

Torrey-Capitol  Reef  Area 
For  the  most  part,  this  area  is  included  in 
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the  Capitol  Reef  National  Monument.  The  Wa 
ter  Pocket  Fold  extends  in  a  northern  direction 
beyond  the  Circle  Cliffs  region.  At  the  town 
of  Fremont  where  the  Fremont  River  cuts 
through  the  fold,  the  monoclinal  structure  turns 
westward,  disappearing  under  Thousand  Lakes 
Plateau.  Erosion  of  the  tilted  beds  on  the  west- 
ward side  has  produced  the  reef-like  fomiation 
from  which  the  area  gets  it  name.  The  eastward 
limb  more  or  less  gently  folds  downward  and 
disappears  under  the  Cretaceous  formations  of 
the  Painted  Desert  surrounding  the  Henry 
Mountains.  Actually  the  upturned  beds  produ(  e 
several  major  structures  on  the  westward  side 
rather  than  a  single  wall. 

Fremont  River  (also  known  as  the  Dirtv 
Devil)  drains  from  the  Aquarius.  Awapa  and 
Thousand  Lakes  Plateaus,  apparently  outdating 
the  present  topographic  features.  Another  prin- 
cipal stream  of  the  area  is  Pleasant  Creek  which 
originates  on  the  east  face  of  the  Aquarius  Pla- 
teau. These  two  streams  have  actually  cut  their 
way  through  the  monoclinal  fold  as  it  was  slow- 
ly being  raised.  The  folding,  local  faulting, 
and  consummate  stream  erosion  have  created 
here  as  elsewhere  in  the  canyon  country  a  land- 
scape which  is  commonly  described  as  "terrify- 
ingly  beautiful."  The  kinds  of  erosional  fea- 
tures, the  water  supply  (or  lack  thereof),  its 
kind,  and  elevational  differences  for  the  area 
also  create  a  number  of  locally  differentiated 
ecological  environments.  The  uppermost  eleva- 
tion limiting  the  area  included  in  this  study  is 
at  Torrey  which  is  7.000  feet.  The  lowermost 
is  at  Notom  at  the  mouth  of  Capitol  Gorge  with 
an  elevation  of  5.250  feet. 

At  the  northeast  flank  of  the  Aquarius  Pla 
teau  is  the  towii  of  Torrey  situated  at  the  low^r 
end  of  a  long  valley  known  as  Rabbit  Valley. 
To  the  south  there  is  a  gradual  rise  of  the  land- 
scape leading  to  the  Aquarius  Plateau,  and  to 
the  north  the  landscape  rises  more  abruptly  to 
the  Thousand  Lakes  Plateau. 
Torrey  Station.  In  and  around  Torrey  the  drier 
habitats  are  dominated  by  pinyon-iuniper  for- 
ests plus  localized  patches  of  shadscale.  Other 
plants  common  to  the  drier  situations  are  prin- 
cess plume,  red  false  mallow  (Sphaeralcea  coc- 
cinea)  and  several  species  of  primrose  {An- 
ogra.)  Three-tooth  sage  predominates  in  the 
open  valley,  while  cottonwoods  and  willows 
are  found  along  the  streams.  Marshlands  and 
meadows  occur  adjacent  to  the  Fremont  River 
as  it  meanders  through  the  full  length  of  the 
valley.  Tules  (Scirpus  ralidus),  Carex  of  sever- 
al species  (Carex  chalciolepis.  C.  lanuginosa 
and  C.  nebraskensis).  blue-eyed  grass,  and  but- 
tercups (Ranunculus  cymbalaria  and  R.  scelera- 
tus)  are  characteristic  here. 

Black-tailed  jack  rabbits  and  desert  cotton- 
tails range  over  most  of  the  valley  except  the 
marshlands.  The  white-tailed  antelope  squirrel 


seems  to  prefer  the  pinyon-junijjer  woodland. 
In  and  around  the  marshlands  are  long-tailed 
voles  and  montane  voles.  Ord's  kangaroo  rat  is 
restricted  more  or  less  to  sandy  arid  situations. 
The  deer  mouse  is  generally  distributed  througli- 
out  the  entire  area.  In  the  first  years  of  the 
survey  there  was  a  white-tailed  prairie  dog 
town  south  of  Torrey,  but  it  was  later  abandon- 
ed. 

Birds  common  to  the  area  are  the  savannah 
sparrow,  mountain  blue  bird  (Sialia  curru- 
coides).  yellow-headed  blackbird  (Xanthocepha- 
lus  xanthocephalus),  redwinged  blackbird. 
Brewer's  blackbird,  red-shafted  flicker,  robin, 
rock  wren,  white-throated  swift,  sparrow  hawk, 
and  raven. 

Amphibians  occurring  in  the  vicinity  of  Tor- 
rey reflect  the  higher  elevation.  The  high  pla- 
teaus to  the  west  provide  streams  which  drain 
from  elevations  where  old  glacial  lakes  are  noAv 
nestled  in  conifer  forests  and  seemingly  influ- 
ence the  distribution  of  certain  species.  For  ex- 
ample, the  boreal  toad  (Bufo  boreas  boreas). 
has  been  taken  along  the  Fremont  river  a  fev.' 
miles  west  of  the  Capitol  Reef.  The  Rocky 
Mountian  toad  and  the  leopard  frog  are  com- 
mon in  the  meadows  and  along  the  stream. 

Reptiles  common  to  this  station  are  the  Great 
Basin  sagebrush  lizard,  northern  plateau  lizard. 
Great  Basin  side-blotched  uta.  northern  whip- 
tail,  wandering  garter  snake.  Great  Basin  gopher 
snake,  and  midget  faded  rattlesnake.  On  the 
rocky  hills  the  Colorado  plateau  night  snake  oc- 
curs in  limited  numbers. 

Fruita  Station.  Immediately  east  of  Torrey  the 
valley  drops  away  to  the  Capitol  Reef  forma- 
tion, and  the  landscape  assumes  a  definite 
desert-like  character  in  aridity  and  sparseness 
of  vegetation.  The  high  reef  on  the  north  and 
the  great  swell  of  the  Miners'  Mountain  cre-^t 
on  the  south,  the  greatly  eroded  surface  of  the 
landscape  in  general  plus  the  variety  in  the 
color  of  the  rocks  and  the  contrasting  green  of 
the  pinyon-juniper  woodlands  create  an  un- 
usually beautiful  landscape.  The  central  station 
selected  for  this  area  is  Fruita,  a  town  located 
on  the  Fremont  River  at  the  point  where  the 
river  enters  the  gorge  through  the  reef.  Fruita 
has  an  elevation  of  about  5,400  feet,  which  is 
approximately  1,500  feet  lower  than  Torrey. 

The  Fruita  station  is  in  most  respects  a 
broad  desert  canyon  type,  similar  in  a  way  to 
the  situation  described  above  for  Calf  Creek 
Crossing.  Several  distinct  community  types  are 
found  in  this  locality.  The  canyon  floor,  mainly 
identified  with  some  permanent  and  intermit- 
tant  streams  which  are  tributary  to  the  Fremont 
River,  supports  a  growth  of  cottonwood.  willow, 
rabbit  brush,  bee  flower,  shadscale.  and  tama- 
risk. Terraces,  mesas  and  surfaces  of  the  uptinn- 
ed  folds  constitute  another  connnunity  type 
vegetated    predominantly   with   pinyon-juniper 
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or  in  other  places  with  Yucca  herrimaniae,  sil- 
ver buffalo  berry,  joint  fir.  and  princess  plume 
Still  another  kind  of  environment  is  that  found 
in  the  side  canyons  and  other  recesses  where 
larger  slu-ubs  such  as  desert  ash,  service  berry 
and  squaw-bush  occur.  Other  common  plants 
are  old  man  sage,  Indian  rice  grass,  squirrel- 
tail  grass  (Sitanion  hystrix),  needle  and  thread 
grass  (Stipa  comata),  galleta  grass  {Hilaria 
jamesii)  and  alkali  sacaton  (Sporobolus  airo- 
ides).  Virgin's  bower  (Clematis  ligusticifolia), 
joint  fir,  shadscale  (Atriplex  canescens  and  A. 
confertifolia) ,  and  daisies  (Erigeron  argentatus:. 
E.  caespitosus)   are  in  lesser  abundance. 

The  Colorado  chipmunk  is  a  most  charac 
teristic  mammal  of  the  canyons  and  is  also  com- 
monly seen  in  the  rocky  areas  where  pinyon- 
juniper  woodlands  occur.  The  desert  wood  rat  is 
found  most  often  along  nauch  broken  cliff  faces 
and  in  talus.  The  white-tailed  antelope  squirrel 
is  more  abundant  on  the  terraces  and  lowlands 
but  may  be  observed  high  on  the  reef.  On  the 
other  hand,  the  rock  squirrel  is  distributed  main- 
ly along  the  talus  slopes  and  the  river  flood- 
plains.  Desert  cottontails  are  usually  found 
along  the  stream  courses,  but  a  few  may  be  seen 
in  dry  canyons,  while  the  black-tailed  jack  rab- 
bit roams  over  the  landscape  generally  except 
the  high  mesas  and  narrow  terraces.  The  west- 
ern harvest  mouse  is  found  especially  in  and 
around  the  local  ranches.  The  deer  mouse  is 
the  most  generally  distributed  mammal,  being 
found  from  the  top  of  the  reef  to  the  river 
bottom.  (Fig.  5) 

In  and  around  the  Fruita  station  there  is 
found  a  large  variety  of  birds.  In  the  canyons 
and  along  the  hillsides  are  the  mourning  dove. 
Say's  phoebe.  white-throated  swift,  canon 
wren,  green-tailed  towhee,  and  rufous-sided  tow- 
hee.  On  the  terraces  and  benchlands,  especially 
in  the  pinyon-juniper  habitat,  are  the  common 
nighthawk,  solitary  vireo.  common  bush  tit. 
plain  titmouse,  black-headed  grosbeak,  blue 
gray  gnatchatcher,  pinon  jay,  and  lazuli  bunt 
ing  (Passerina  amoena).  Characteristic  birds 
of  the  river  floodplains  include  the  house  finch, 
American  goldfinch  (Spinas  tristis),  yellow 
warbler,  robin,  red-shafted  flicker,  song  spar- 
row (Melospiza  melodia).  and  Bullock's  oriole 

Amphibians  such  as  the  Rocky  Movmtain 
toad,  red-spotted  toad,  and  western  leopard 
frog  are  common  along  the  streams. 

Reptiles  are  similar  to  those  taken  at  the  Tor- 
rey  Station  but  with  some  species  such  as  the 
northern  cliff  uta.  northern  plateau  lizard,  and 
northern  whiptail  becoming  more  abundant. 
The  Utah  spiny  lizard  is  also  conunonlv  seen 
in  the  canyons  and  to  the  east  of  the  Capitol 
Reef. 

Henry   Mountains  Southern  Green  River 

Desert   Area 
Water  Pocket  Fold  and  Capitol  Reef  on  the 


west,  San  Rafael  Swell  on  the  north,  and  the 
Green  and  Colorado  Rivers  on  the  east  and 
south  mark  the  general  boundaries  of  this  area 
of  the  canyon  lands  under  consideration.  Per- 
haps the  high  Henry  Mountains  and  the  sand 
deserts  which  surround  them  are  the  most  pro- 
minant  features  of  this  vast  area,  unique  in 
two  respects  compared  with  other  regions  thus 
far  described.  The  two  southern  peaks,  Mt. 
I  lohnes  and  .Mt.  Ellsworth,  have  only  a  sparse 
vegetative  cover  and  exhibit  very  clearly  the 
effects  of  the  instrusive  magmas  on  the  over- 
lying sedimentary  layers.  Althovigh  most  of  this 
overburden  has  been  eroded  away  exposing  the 
jagged  granite  peaks,  the  sides  of  the  old  sedi- 
mentary dome  are  sharply  defined  against  the 
black  igneous  rocks  which  now  form  the  peaks. 
Between  the  Colorado  River  and  Mt.  I  lillers  the 
terrain  is  extremely  rugged  and  crossed  by  deep 
narrow  canyons.  If  not  the  most  rugged  area, 
this  is  one  of  the  most  rugged  areas  in  the  en- 
tire Upper  Basin.  From  the  eastern  base  of  Mt. 
I  lillers  one  can  see  its  peak  at  approximately 
10,550  feet  and  the  Colorado  River  at  3,40l) 
feet,  yet  these  two  points  are  only  about  15 
miles  apart. 

Most  of  the  country  to  the  northeast,  south 
and  west  of  the  Henry  Mountains  is  the  sand 
desert  and  canyon  type.  Some  of  these  areas 
are  broad  and  open  while  others  also  have  deep 
narrow  canyons.  Generally  speaking,  the  lat- 
ter are  much  like  the  desert  canyons  which 
have  been  described  previously. 

Northeast  and  east  of  Mt.  Ellen  the  country 
is  comparatively  level  and  constitutes  a  sand 
desert  type  of  habitat.  Burr  Desert,  southwest 
of  the  Fremont  River,  and  Green  River  Desert, 
northeast  of  the  Fremont,  are  typical  examples. 
Where  washes  and  canyons  occur,  sand  slopes 
may  fill  one  side  of  the  depression  from  bottom 
to  rim. 

These  sand  deserts  support  a  typical  variety 
and  population  of  plants.  In  the  upper  reaches 
of  sand  deserts  at  the  base  of  the  momitains 
the  three-toothed  sage  is  predominant.  Lower 
down,  shadscale  and  gi-easewood  are  found 
either  in  extensive,  almost  pure  stands  or  mix- 
ed together  depending  on  the  kind  of  soil  and 
the  drainage.  In  the  more  sandy  and  less  saline 
situations  are  found  old  man  sage,  joint  fir. 
yucca,  matchbrush,  blackbrush.  various  species 
of  shrubby  eriogonums  and  "little"  rabbitbrush. 
Along  stream  courses  are  tamarisk,  cotton - 
woods,  greasewood,  three-toothed  sage,  squaw- 
bush,  willow  (Salix  sp.),  box  elder,  and  single 
leaf  ash   (Fraxinus  anornala) . 

A  typical  canyon  type  of  habitat  in  the 
Henry  Mountains  Southern  (ireeu  River  Des 
ert  Area  is  exemplified  by  North  Wash.  Tins 
canyon  joins  the  Colorado  River  approximately 
four  nnles  north  of  Hite.  From  here  it  extends 
in  a  westerly  direction  through  sandstone  can- 
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yon  walls  to  the  bench  land  east  of  the  Henry 
Mountains  and  then  into  a  mountain  canyon  on 
the  southeast  face  of  Mount  Ellen.  There  is  con- 
siderable sand  from  the  base  of  the  mountains 
to  the  river,  leaving  few  areas  where  stable 
soils  occur. 

A  series  of  springs  along  North  Wash  pro- 
vides for  small  intemiittent  streams  during 
most  of  the  year.  Approximately  fourteen  miles 
from  Hite  is  Hog  Springs,  which  provides  an 
abundance  of  water  for  a  few  miles.  In  most 
of  the  canyon  floor  there  are  scattered  growths 
of  cottonw'ood,  willow,  and  tamarisk.  Along  the 
canyon  walls  is  a  series  of  low  sandy  benches 
which  support  a  growth  of  mixed  desert  shrubs 
and  yucca. 

The  canyon  mouse,  desert  wood  rat,  white- 
tailed  antelope  squirrel,  rock  squirrel,  and  Colo- 
rado chipmunk  are  very  characteristic  mammals 
of  the  canyons.  On  the  open  sandy  desert  the 
most  common  mammal  is  the  Great  Basin 
pocket  mouse.  Ord's  kangaroo  rat  also  occurs  in 
loose,  sandy  areas.  Both  the  pocket  mouse  anrl 
kangaroo  rat  range  into  the  canyons  where 
there  is  loose  sand  and  the  canyon  floor  is  re- 
latively wide.  The  deer  mouse  frequents  both 
canyons  and  the  open  desert  coimtry. 

Our  knowledge  of  the  amphibians  and  rep- 
tiles of  this  area  is  based  on  the  rather  inten- 
sive field  work  done  from  the  base  of  the  moun- 
tains east  to  the  Colorado  River  through  North 
Wash  and  south  from  North  Wash  at  the  base 
of  the  mountains  along  the  bench  lands  to  Star 
Spring.  Both  North  Wash  and  Trachyte  Creek 
support  large  populations  of  the  Great  Basin 
spadefoot,  red-spotted  and  Rocky  Mountain 
toads.  The  meadows  around  Star  Spring  have 
the  spadefoot  and  Rocky  Mountain  toads,  but 
we  have  not  seen  the  red-spotted  toad.  Perhaps 
the  largest  population  of  toads  observed  was 
in  North  Wash  at  and  near  the  Hog  Springs. 
At  the  junction  of  North  Wash  and  the  Colo- 
rado River  a  few  western  leopard  frogs  were 
seen.. 

Lizards  generally  distributed  in  this  area 
include  the  western  collared,  leopard.  Utah 
spiny,  northern  plateau,  northern  side-blotched, 
northern  cliff  uta,  and  northern  whiptail.  In 
the  ledges  of  the  canyons  extending  up  from 
the  Colorado  River  the  western  chuckwalla  oc- 
curs. On  the  sandy  benchlands  near  the  Henry 
Mountains  and  extending  east  between  the  can- 
yons is  a  habitat  which  supports  a  low-growing. 
short-leafed  yucca.  In  this  plant  we  have  taken 
the  Utah  night  lizard  {Xantusia  vigilis  utahen- 
sis).  On  the  base  of  the  mountains  above  the 
general  bench  lands  the  mountain  short-horned 
lizard  is  common. 

We  have  found  the  desert  striped  whipsnake. 
Great  Basin  gopher  snake  and  midget  faded 
rattlesnake  to  be  the  most  common.  However, 
none  is  seemingly  abundant  in  this  area.   On 


the  bench  lands  and  base  of  the  mountains  the 
Utah  black-headed  snake  is  found. 

San  Rafael  Swell  -  Castle  Valley  -  Price 
River  Area 

This  area  is  bounded  on  the  east  by  the 
(jreen  River,  on  the  southeast  by  the  Colorado 
River,  on  the  south  by  the  Fremont  River,  and 
on  the  southwest  by  the  Thousand  Lake  Moun- 
tain. Westward  the  area  is  limited  by  the  Wa- 
satch Plateau  and  northward  by  tlie  Roan  and 
Book  Cliffs. 

The  San  Rafael  Swell  is  the  most  prominent 
feature  of  the  area.  It  is  a  massive  anticlinal  up- 
lift about  eighty  nules  long  and  twenty  miles 
wide,  being  somewhat  ovoid  in  shape.  Between 
the  Book  Cliffs,  which  face  southward,  and  the 
northern  rim  of  the  swell  is  the  Price  River 
Valley,  while  the  large  depression  lying  west 
of  the  San  Rafael  Swell  and  extending  to  the 
eastern  base  of  the  Wasatch  Plateau  is  known 
as  Castle  Valley.  (Figs.  2  and  7.) 

Inside  the  San  Rafael  Swell  numerous  local- 
ly originating  streams  have  dissected  the  land- 
scape and  in  some  cases  have  breached  the  outer 
rim  forming  deep  canyons.  The  San  Rafael 
River  originates  on  the  Wasatch  Plateau  and 
cuts  across  Castle  Valley  and  the  San  Rafael 
Swell  eastward  to  the  Green  River.  For  the  most 
part  it  has  formed  naiTow,  crooked  canyons 
but  in  some  places  the  erosional  channel  is 
broad,  particularly  in  Castle  Valley.  The  Mud- 
dy River  also  originates  on  the  Wasatch  Pla- 
teau and  crosses  the  lower  end  of  Castle  Valley, 
the  southern  tip  of  the  swell,  and  the  badlands 
area  north  of  the  Henry  Mountains,  joining 
the  Fremont  (Dirty  Devil)  River  a  few  miles 
north  of  Hanksville. 

The  vegetation  picture  is  somewhat  similar 
to  that  which  was  discussed  for  the  Henry 
Mountains  area,  the  main  difference  being  the 
comparative  extent  of  the  respective  types  of 
vegetation.  The  San  Rafael  Swell  itself  is  al- 
most completely  surrounded  by  badlands  ex- 
cept forthe  region  immediately  southeast  of  the 
swell,  which  is  a  sand  desert  with  active  dunes. 
Due  to  soil  and  rock  composition  of  the  Mancos 
and  Morrison  geological  fomiations  which 
make  up  the  landscape,  the  predominant  plant 
life  of  the  badlands  is  shadscale.  Where  there 
is  an  underground  water  supply  or  surface 
moisture  available  greasewood  is  found.  Other 
plants  commonly  encountered  are  princess 
plume  and  several  species  of  £nogo/2wm.  Where 
the  badlands  country  merges  into  the  Green 
River  Desert  and  sandy  desert,  there  are  joint 
fir,  old  man  sage,  yucca,  and  several  species  of 
Eriogonitm.  Along  stream  courses  are  cotton- 
wood,  willow,  tamarisk,  rabbitbrush  and  grease- 
wood.  In  the  confines  of  the  San  Rafael  Swell 
itself  on  mesas  and  tablelands  pinyon-juniper 
woodlands  are  dominant. 

Mammal  studies  by  our  survey  parties  in  the 
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San  Rafael  Swell  area  have  been  somewhat 
limited.  The  deer  mouse  is  abundant  and  scat- 
tered throughout  the  area.  The  desert  wood  rat 
and  the  canyon  mouse  occur  along  cliffs  and  in 
rocky  habitats.  Great  Basin  pocket  mice  are 
found  both  in  the  pinyon-juniper  woodland  and 
in  tlie  desert  shrub  habitat.  The  western  harvest 
mouse  seems  to  be  most  abundant  where  Rus- 
sian thistle  clumps  are  piled  along  the  fences 
and  wind-blown  sand  is  accumulating.  In  dis- 
turbed woodland  situations  and  where  there  is 
loose  soil,  Ord's  kangaroo  rat  is  found  occasional- 
ly. The  black-tailed  jack  rabbit  and  the  desert 
cottontail  are  present  throughout  the  area.  Sev- 
eral white-tailed  prairie  dog  towns  have  been 
noted  throughout  both  Castle  Valley  and  Price 
River  Valley.  These  animals,  along  with  the 
black-tailed  jack  rabbit,  are  the  most  characteris- 
tic mammals  of  the  open  valley  country. 

East  of  Castle  Dale  at  the  north  end  of  the 
swell  is  a  transitional  point  between  the  bad- 
lands and  the  swell  itself.  At  Buckhorn  Reser- 
voir, a  few  miles  north  of  Buckhorn  Wash,  the 
main  plant  cover  is  pinyon-juniper.  Westward 
from  the  reservoir  the  land  merges  into  the 
badlands  type.  At  the  Reservoir  the  black-tail- 
ed jack  rabbit  is  generally  distributed,  and  in 
the  rocky  washes  the  rock  scjuirrel  is  common. 
Other  mammals  found  are  the  desert  wood  rat. 
Ord's  kangaroo  rat.  western  harvest  mouse. 
Great  Basin  pocket  mouse  and  deer  mouse. 

Near  the  junction  of  the  San  Rafael  and 
Green  Rivers  is  a  rather  wide  valley  with  low 
red  sandstone  ledges  rising  on  either  side.  The 
river  floodplain  at  this  point  is  vegetated  with 
an  extensive  growth  of  tamarisk  and  willow, 
and  there  are  a  few  cottonwoods.  On  higher 
ground  the  soil  is  sandy  and  supports  a  growth 
of  rabbitbrush,  Indian  rice  grass,  several  other 
grasses  and  a  variety  of  forbs.  Ord's  kangaroo 
rat,  western  harvest  mouse,  and  the  deer  mouse 
are  common  small  mammals.  Along  the  sand- 
stone ledges  the  desert  wood  rat  and  canyon 
mouse  are  most  characteristic,  and  in  rocky 
situations  the  white-tailed  antelope  squirrel  is 
found.  Desert  cottontails  inhabit  the  floodplains 
and  higher  areas  where  there  is  ample  cover. 

The  floodplains  of  the  San  Rafael  River  and 
other  streams  of  the  area  furnish  a  habitat  suit- 
able for  a  large  variety  of  birds.  The  mourning 
dove  is  very  abundant  and  by  far  the  most 
conspicuous  species.  Other  characteristic  kinds 
include  the  yellow-breasted  chat,  black-billed 
magpie,  yellow  warbler,  western  wood  pewee. 
blue  grosbeak.  Brewer's  spaiTow,  catbird  {Du- 
metella  carolinensis),  ash-throated  flycatcher. 
and  red-shafted  flicker. 

In  this  area  there  is  a  varied  series  of  habi- 
tats which  provides  for  an  abundance  of  am- 
phibians. Along  the  Green  River  below  Green 
River  City  we  have  taken  the  Rocky  Mountain 
and  red-spotted  toads.  In  the  upper  Price  River 


Valley  between  Wellington  and  Helper  we  have 
taken  the  Utah  tiger  salamander,  (ireat  Basin 
spadefoot.  Rocky  Niountain  toad,  and  western 
leopard  frog. 

The  lizards  common  to  this  area  include 
the  Utah  spiny  along  the  river  south  of  Green 
River  City,  leopard,  western  collared,  northern 
plateau.  Great  Basin  sagebrush,  northern  side- 
blotched,  northern  cliff  uta,  northern  whiptail 
and  on  the  benches  near  the  Wasatch  Plateau 
the  mountain  short  horned.  Snakes  common  to 
the  area  include  the  wandering  garter.  Great 
Basin  gopher,  western  whip,  Utah  milk,  pla- 
teau night,  and  midget  faded  rattlesnake. 

The  Uinta  Mountain  Province 

The  Uinta  Mountain  Province  includes  the 
Uinta  Mountains  and  the  Uinta  Basin.  Except 
for  the  pinyon-juniper  woodlands  of  the  foot- 
hills, the  desert  communities  occur  in  the  Uinta 
Basin  itself.  This  is  a  vast  area  of  some  15.000 
square  miles  that  occupies  northwestern  Colo- 
rado and  northeastern  Utah.  On  the  whole,  the 
topography  is  less  rugged  than  that  of  the  Colo- 
rado Plateau  Province.  Much  of  the  lower 
country  of  the  Uinta  Mountain  Province  is 
characterized  by  broad  valleys  and  low  hills, 
but  there  are  also  extensive  badlands  with  some 
of  the  most  barren  country  in  the  Upper  Colo- 
rado Basin.  The  principal  streana  of  the  area  is 
the  Green  River,  which  flows  through  it  in  a 
generally  southward  direction.  This  stream  is 
joined  by  the  Duchesne  River  and  its  tribu- 
taries from  the  west  and  by  the  Yampa  and 
White  Rivers  from  the  east.  A  better  concept  of 
the  nature  of  the  Uinta  Basin  may  be  gained 
from  a  more  detailed  description  of  several 
specific  areas  within  it.  (Figs.  2  and  4) 

Rainbow  -  Bonanza  Area 
Rainbow  Station.  The  Rainbow  area  lies  south 
of  the  White  River  in  eastern  Utah  and  contigu 
ous  Colorado.  It  is  a  rugged  and  inhospitable 
area  with  many  deep  and  narrow  canyons  that 
are  dry  or  else  contain  small  salty  streams, 
great  areas  of  badlands,  shallow  valleys,  and 
low  hills  practically  devoid  of  all  plants  and 
animals.  Gilsonite  mining  is  the  principal  in- 
dustry of  the  area.  There  is  no  farming  but 
most  of  the  area  is  heavily  overgrazed,  mostly 
by  sheep.  The  area  about  Rainbow  is  topogra- 
phically characterized  by  shallow  valleys  and 
low  ridges  \\dth  some  rather  colorful  and  promi- 
nent outcroppings  of  soft  light  brown  sand- 
stone. 

Two  principal  types  of  communities  occur 
in  the  Rainbow  area.  In  the  shallow  valleys 
the  soil  is  sandy  or  sand-clay  and  the  predomi- 
nant vegetation  is  sagebrush,  greasewood.  shad- 
scale,  and  rabbitbrush.  On  the  ridges  and  in 
the  higher  ravines  where  the  soil  is  more  rocky 
there  is  a  scattered  growth  of  pinyon  and  juni- 
per. Many  of  the  trees  are  very  old  and  there 
is  much  fallen  timber. 
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Mammals  in  this  area  arc  sparsely  repre- 
sented but  there  are  a  number  of  interesting 
species.  In  the  shallow  valleys  where  desert 
shrubs  predominate  the  deer  mouse.  Apache 
pocket  mouse,  and  Ord's  kangaroo  rat,  western 
hai^vest  mouse,  and  least  chipmunk  {Eutamias 
minimus)  are  characteristic.  In  the  pinyon- 
juniper  woodlands,  parlicidarly  around  tiie 
bases  of  ledges,  the  pifion  mouse,  bushy-tailed 
wood  rat.  and  porcupine  (Erethizon  dorsatum ) 
are  found.  There  are  also  many  signs  of  mule 
deer  (Odocoileus  hemionus)  in  the  pinyon- 
juniper.  Presumably  these  animals  move  down 
from  the  Tavaputs  Plateau  during  the  winter, 
but  an  occasional  deer  is  also  seen  during  the 
summer.  Desert  cottontails  are  fairly  common 
in  the  desert  shrub  and  less  so  in  the  pinyon- 
juniper.  There  are  a  few  white-tailed  jack  rab- 
bits (Lepus  townsendii)  replacing  the  black- 
tailed  jack  rabbits  of  the  Colorado  Plateau  Pro- 
vince, particularly  in  sagebrush  and  grease- 
wood  communities.  Both  the  golden-mantled 
ground  squirrel  {Citellus  lateralis)  and  ante- 
lope ground  squirrel  occur  in  small  nimabers 
in  the  pinyon-juniper  and  desert  shrub,  usual- 
ly in  the  vicinity  of  rocky  outcroppings. 

Bird  populations  in  the  Rainbow  area  are 
fairly  high  considering  the  scarcity  of  water. 
In  the  pinyon-juniper  comnnmity  the  plain 
titmouse,  solitary  vireo  (Vireo  solilarius),  blue- 
gray  gnatcatcher,  gray  flycatcher,  black-throat- 
ed gray  warbler,  pinon  ja3^  scrub  jay  (Aphelo- 
coma  coerulescens) .  chijiping  sparrow.  Bewick's 
wren  (Thryomanes  bewickii),  and  ash-throated 
flycatcher  are  common.  The  most  typical  birds 
in  the  desert  shrub  community  are  the  logger- 
head shrike.  Say's  phoebe,  and  horned  lark. 
Bonanza  Station.  The  area  immediately  north 
of  White  River  and  east  of  the  Green  River 
possesses  extensive  areas  of  flat  plains  and  roll- 
ing hills  with  a  few  ridges  where  low  ledges 
of  rock  are  exposed.  An  area  some  fifteen  miles 
north  of  Bonanza  is  typical.  The  plains  and 
hills  are  clothed  with  desert  shrubs  among 
which  sagebrush,  several  types  of  shadscale,  and 
Tetradymia  predominate.  The  higher  hills  and 
ridges  are  vegetated  with  a  rather  scattered 
pinyon-juniper  woodland  mixed  with  sagebrush 
and  other  desert  shrubs.  For  the  most  part  the 
soil  is  sandy,  especially  on  the  plains,  and 
there  are  places  where  the  situation  is  rather 
unstable  and  the  sand  is  thrown  up  into  low 
ridges. 

During  our  period  of  study  populations  of 
small  mammals  were  considerably  greater  at 
this  station  than  in  the  more  rugged  and  less 
hospitable  situation  at  Rainbow.  In  the  desert 
shrub  community,  particularly  where  the  soil 
is  sandy.  Ord's  kangaroo  rat  is  abundant  and 
the  following  additional  species  are  characteris- 
tic, although  less  common:  olive-backed  pocket 
mouse  {Perognathus  fasciatus),  w-estern  harvest 


mouse,  deer  mouse,  least  chipmunk,  thirteen 
lined  ground  squirrel  {Citellus  tridecemline- 
gtus),  and  northern  grasshopper  mouse.  The 
desert  cottontail  was  very  abundant  in  the 
desert  shrubs  in  1954  and  to  a  lesser  degree  ex- 
tended into  the  pinyon-juniper  woodland.  The 
latter  community  contains  its  typical  mammals, 
with  the  bushy-tailed  wood  rat,  pinon  mouse, 
and  white-tailed  antelope  squirrel  being  most 
characteristic. 

Birds  of  the  Bonanza  area  are  similar  in 
kind  to  those  of  the  Rainbow  area,  although 
they  are  less  abundant.  In  the  desert  shrub 
type  of  community  the  horned  lark  is  probably 
the  most  abimdant  species,  while  in  the  pinyon- 
juniper  the  pinon  jay  is  very  common. 

Amphibians  in  this  area  are  sparsely  repre- 
sented, and  only  a  few  species  are  known  to 
occur.  The  Great  Basin  spadefoot  is  perhaps 
the  most  common,  with  the  Rocky  Mountain 
toad  and  the  western  leopard  frog  seen  occa- 
sionally along  the  streams  of  the  area. 

Reptiles  are  more  abundant  both  as  to  num- 
bers and  kinds.  In  the  valleys  among  the  sage 
and  other  low-growing  brush  are  the  (ireat  Ba- 
sin sagebrush  lizard  and  the  northern  side- 
blotched  uta.  On  the  rocky  hillsides  is  found 
the  northern  plateau  lizard,  and  in  suitable 
areas  of  both  habitats  one  encounters  the  north- 
ern whiptail.  The  mountain  short-horned  lizard 
is  found  on  the  higher  jilateaus  of  the  area. 

Our  records  indicate  that  the  Great  Basin 
gopher  snake  ranges  throughout  this  area  and 
is  the  commonest  of  the  serpents.  In  the  lower 
valleys,  particularly  on  the  rocky  brushy  hill- 
sides not  far  from  the  Green  River,  the  desert 
striped  whipsnake  is  found. 

Browns  Park  -  Clay  Basin  Area 
While  the  Brown's  Park-Clay  Basin  Area  is 
not  strictly  a  part  of  the  Uinta  Province  geo- 
graphically, it  appears  to  be  closely  related  to 
it  faunistically. 

It  lies  in  the  northeast  corner  of  Utah  and 
contiguous  areas  of  Wyoming  and  Colorado. 
Brown's  Park  itself  is  a  broad  valley  floodplain 
of  the  Green  River.  The  stream  flows  in  an 
easterly  direction  at  this  point,  enters  the  state 
of  Colorado,  and  then  tiu-ns  southward  acrcss 
the  east  end  of  the  Uinta  Mountains.  This  sec- 
tion of  the  river  runs  at  an  elevation  of  about 
5.400  feet.  Two  small  streams.  Red  Creek  and 
Willow  Creek,  drain  into  it  from  the  north.  To 
the  northward  the  ground  rises  rather  gently 
to  a  low  movmtain  range  of  which  Home  Nioun- 
tain  and  Bender  Mountain  are  a  part  and  then 
descends  again  into  a  wide  and  irregularly- 
shaped  valley  known  as  Clay  Basin,  llie  latter 
basin  is  about  1.000  feet  higher  than  the  flood- 
Iilain  of  the  river. 

Within  the  general  area  described  above, 
exclusive  of  the  mountains,  the  following  com- 
munities may  be  recognized:   (1)  stream-border 
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community  where  scattered  groves  of  cotton- 
woods  and  willows  predominate,  (2)  grease- 
wood  flats  and  knolls  with  heavier  clay  or  sand- 
clay  soils,  (3)  sagebrush-shadscale-rabbitbrush 
communities  occupying  higher  benchlands 
where  the  soil  is  predominantly  sand,  (4)  scat- 
tered juniper  woodlands  on  higher  ridges  within 
the  valley.  Most  of  the  better  lowlands  adja- 
cent to  the  river  are  occupied  by  farms  and 
ranches  while  the  higher  slopes  and  benchlands 
have  been  heavily  overgrazed. 
Brown's  Park  Station  (Fig.  19).  The  several 
desert-shiiib  types  of  plant  communities  here 
seem  to  possess  much  the  same  kinds  of  mam- 
mal, although  there  is  some  distinction  on  the 
basis  of  soil  differences.  On  the  more  sandy  and 
especially  the  less  stable  soils  Ord's  kangaroo 
rat  is  very  abundant,  and  the  northern  grass- 
hopper mouse  is  characteristic  although  far  less 
common.  The  olive-backed  pocket  mouse  and 
the  western  harvest  mouse  live  mostly  on  the 
more  gravelly  or  rocky  soils  where  sagebrush 
and  shadscale  are  predominant,  but  are  oc- 
casionally taken  on  greasewood  flats.  The  desert 
cottontail  is  very  abundant  in  wallow  thickets 
along  the  streams  and  more  especially  in  grease- 
wood,  and  a  few  white-tailed  jack  rabbits  also 
live  in  the  latter  community.  The  northern 
pocket  gopher  (Thomomys  talpoides)  is  com- 
mon on  the  cultivated  lands.  In  the  scattered 
juniper  communities  that  occiu-  on  ridges  where 
the  soil  is  more  rocky  the  cliff  chipmunk  is 
common  and  seems  to  replace  the  white-tailed 
antelope  ground  squirrel  that  is  characteristic  of 
similar  habitats  farther  south.  During  our  study 
we  have  not  found  the  latter  species  in  the 
Brown's  Park  area.  The  wood  rat  was  collected 
in  the  Bridgeport-Red  Creek  environs  on  several 
occasions.  Wood  rats  were  found  in  abandoned 
log  houses. 

As  is  true  for  the  Upper  Basin,  in  general 
bird  populations  are  concentrated  mainly  along 
the  waterways  in  the  Brown's  Park  Area.  Brew- 
er's blackbird,  mourning  dove,  red-shafted  flick 
er  and  black-billed  magpie  are  most  common 
and  characteristic  in  the  floodplain  gi-oves  and 
thickets.  Most  characteristic  of  the  desert  shrub 
types  are  the  sage  thrasher.  Brewer's  sparrow 
and  the  horned  lark.  The  common  nighthawk 
nests  on  the  juniper-covered  ridges  and  feeds 
over  the  entire  area.  The  plain  titmouse  and  the 
black-throated  gray  warbler  are  the  most  com- 
mon birds  in  the  junipers  themselves.  We  foiaid 
the  blue-gray  gnatcatcher.  so  characteristic  of 
the  pinyon-juniper  in  much  of  the  Upper  Basin, 
to  be  very  uncommon  in  the  Brown's  Park 
Area. 

Clay  Basin  Station.  As  was  previously  stated. 
Clay  Basin,  lying  to  the  north  of  Brown's  Park, 
is  about  1,000  feet  higher  in  elevation  than 
Green  River  and  has  an  average  elevation  of 
about  6,400  feet.   In  this  entire  area   there   is 


relatively  little  exposed  rock,  canyons  are  shal- 
low and  tlie  soil  is  well  stabilized.  The  bottom 
of  the  basin,  as  well  as  the  surrounding  slopes, 
is  covered  with  a  uniform  growth  of  desert 
shrubs  with  three-toothed  sagebrush  as  the  pre- 
dominant plant.  In  the  bottoms  of  the  shallow 
canyons  there  are  some  small  patches  of  grease- 
wood.  On  higher  slopes  and  hills  surrounding 
the  basin  there  are  a  few  junipers  and  pinyons, 
especially  toward  tlie  west  and  south,  but  many 
of  the  surrounding  mountains  appear  at  a  dis- 
tance to  be  bald,  owing  to  the  absence  of  desert 
shrubs  and  trees  and  to  the  presence  in  their 
place  of  a  nvtmber  of  grasses  and  low-growing 
herbs.  In  several  of  the  surrounding  draws  there 
are  small  springs,  and  around  these  springs  are 
groves  of  aspens  and  other  mesic  plants. 

In  general  it  may  be  said  that  the  Clay  Ba- 
sin station  is  representative  of  a  high  semi- 
desert  type,  intermediate  in  many  ways  be- 
tween the  lower  deserts  characteristic  of  the 
Uinta  Basin  and  the  higher  plains  of  the  ex- 
tensive Green  River  Basin  Province  that  occupy 
much  of  the  southwestern  Wyoming  area. 
Around  the  springs  aspens  typical  of  montane 
forest  occur  in  small  groves,  whereas  desert 
shrubs  are  found  at  the  same  elevation  on  ridges 
and  in  valleys  where  the  habitat  is  drier.  The 
two  principal  types  of  comnumities,  therefore, 
are  the  aspen  groves  bordering  springs  and  the 
open  desert  shrubs. 

Around  the  borders  of  the  springs  certain 
typically  montane  mammals  are  found  such 
as  the  long-tailed  vole  {Microtus  longicaudits), 
the  vagrant  shrew  (Sorex  vagrans),  and  the 
northern  pocket  gopher,  although  the  latter 
species  also  occurs  at  lower  elevations  in 
Brown's  Park  and  throughout  the  Uinta  Basin. 
The  deer  mouse  is  very  common  both  in  aspen 
groves  near  water  and  in  the  open  desert  shrubs, 
and  the  western  harvest  mouse  is  also  present 
Pocket  mice,  grasshopper  mice  and  kangaroo 
rats  appear  to  be  absent  or  at  least  uncommon. 
Of  the  larger  mammals  the  white-tailed  jack 
rabbit  is  common  and  perhaps  most  typical  of 
the  open  desert  shrub  comnumity.  This  animal 
also  utilizes  the  aspen  groves  for  cover,  especial- 
ly in  winter.  The  pronghorn  (Antilocapra  omc- 
ricana)  is  present  in  both  Clay  Basin  and 
Brown's  Park  and  is  apparently  increasing  in 
numbers  in  these  areas.  The  mule  deer  winters 
in  large  number  in  juniper  woodlands. 

Among  the  birds  the  sage  grouse  (Centrocer- 
cus  urophasianus)  is  undoubtedly  the  most 
characteristic  species  in  the  Clay  Basin  area. 
These  birds  require  a  habitat  where  there  is 
ample  water,  particularly  in  the  form  of  small 
springs  and  streams  and  where  sagebrush-cov- 
ered ridges  are  available  for  roosting  and  feed- 
ing. Other  typical  birds  in  the  sagebrush  com- 
munity are  the  horned  lark  (especially  in  more 


Biological  Series  Vol.  1,  No.  3,  December,  1958 


51 


iM 


^/$:a^ 


t%^ 


-ijSs^ll.  i^  ",;:'•  >; 


'C„'«,t 


Great    Basin     Spadefoot 
Western    Leopard    Frotj 
Western     Chorus     Frofj 
Great    BaSin    Saqebrush   LUora 
Wanderincj    Garter    Snake 
Great    Basin     Gopher    Snake 

Common    /Vi'Qhthawk 

Plnon     day 

Plaj'n.     Titmouse 

Brewer's       Sparrovj 

Black-throated      Cray     Warbler 

Horned      Lark 

iSaoe       Grouse 

Vesper     Sparrov^ 

Meadow/ark 

Say'j     Phoebe 

Sacje      Thrasher 

Ai^ourninq      Dove 

Ped-shaHed     Flicker 

BkiCk-billed  Maqpie 

Bullock's       Oriole 

Brevier's      Blackbird 

VeJ/ow       Warbler 

Olive. -backed    Pocket  Mouae 

Qrd'S  Kanqaroo      Rat 

Least     dihipmunk 

Cliff     Chipmunk 

Pinori      Mouse 

Grasshopper       Mouse 

Harvest      Mouse 

Deer      Mouse 

Northern      Pocket      Gopher 

Lono-tailed    f^adovj    Mouaa 

Cottontail      Rabbit 

"^hite -tailed      dock    Rabbit 


BROWN'S 

PARK  AREA 

DAGGETT  GQ 

UTAH 

■■■    PRINCIPAL 
HABITAT 

OCCASIONAL 


dumper ,   Sage  ■ 

brush. 
Gravelly    to 

rocky  soil . 


Rabbitbrush 
Ridges  of 

loose 

sand. 


Soaebrush , 

ohadscole . 

Gravelly  soil. 


Greosevmod. 
Cloy  or 

Sandy  - 

clay. 


Cottonwood,     Will 

OW. 
Floodploin . 
Sandy    loam 

soil. 


Common    Land 
Vertebrates 

Fig.    IM 


52 


Brigham  Young  University  Science  Bulletin 


open  areas),  green-tailed  towhee,  and  chipping 
sparrow. 

The  amphibians  and  reptiles  of  the  two  sta- 
tions in  the  Brown's  Park-Clay  Basin  areas  are 
not  well  known.  Our  field  records  indicate  that 
on  the  sandy  lowlands  and  floodplains  the 
Great  Basin  spadefoot  is  conunon  and  can  bo 
seen  hopping  among  the  deseit  shrubs  in  the 
late  evening  during  the  summer. 

Some  of  the  reptiles  which  are  common  in 
the  area  east  and  south  of  Vernal,  Uintah  Coun- 
ty, are  not  present  in  these  higher  valleys 
However,  the  sagebrush  lizard  and  the  Great 
Basin  gopher  snake  are  widely  distributed 
throughout  the  valleys  and  into  the  surrounding 
mountains. 

Westen  Uinta  Basin  Area 
This  area  is  composed  of  that  part  of  the 
Uinta  Basin  which  lies  west  of  the  Green  River 
and  is  bordered  on  the  north,  west  and  south 
by  the  Uinta  Mountains,  Wasatch  Mountains, 
and  West  Tavaputs  Plateau,  respectively.  It 
contains  tlie  Strawberry,  Duchesne,  and  Uinta 
Rivers,  as  well  as  some  lesser  streams  that  arise 
from  the  watershed  of  the  Wasatch  and  Uinta 
Mountains.  Owing  to  the  fairly  abundant  wa- 
ter supply  and  to  some  good  alluvial  soils,  much 
of  the  land  in  the  western  Uinta  Basin  is  under 
cultivation  and  is  one  of  the  most  populous 
areas  within  the  entire  Upper  Colorado  River 
Basin. 

Three  stations  are  selected  for  review  at 
this  time  as  representative  of  this  portion  of  the 
basin;  namely,  the  Jensen-Ouray  area  along  the 
Green  River  floodplain,  the  Bluebell  area  on  the 
benchlands  south  of  the  Uinta  Mountains,  and 
an  area  south  of  Myton. 

Jensen-Ouray  Station.  In  the  vicinity  of  Ouray, 
near  a  point  where  the  White  and  Duchesne 
Rivers  join  the  Green,  there  are  wide  flood- 
plains  where  Fremont  cottonwoods  are  predomi- 
nant. The  soil  in  this  area  ranges  from  sand  near 
the  river  to  fine  clay  and  in  places  is  thrown 
up  into  low  sandy  ridges  which  aie  vegetated 
with  greasewood  and  squaw-bush.  In  the  de- 
pressions and  flats  saltgrass  {Distichlis  stricta) 
is  abundant  where  the  saline  soil  is  periodically 
flooded  by  fresh  water,  and  there  are  also  ex- 
tensive areas  of  tamarisk.  (Fig.  4) 

The  town  of  Jensen  is  located  on  the  west 
bank  of  the  Green  River.  In  this  area  much  of 
the  floodplain  is  occupied  by  farms.  At  a  point 
a  few  miles  south  of  Jensen  where  Ashley  Creek 
joins  the  Green  River  there  is  a  fairly  large 
marshland,  and  a  lesser  one  occurs  at  the  mouth 
of  Brush  Creek.  The  montane  vole  [Microtiis 
montanus)  and  the  western  harvest  mouse  live 
in  grassy  areas  around  these  marshes,  and  the 
muskrat  (Ondatra  zibet hici/s)  is  reported  to  oc- 
cur in  this  habitat,  although  there  appear  to  be 
no  published  records.  The  Ashlej-  Creek  marshes 
in  particular  support  one  of  the  richest  aquatic 


bird  faunas  to  be  found  in  the  Upper  Basin. 
These  include  many  species  of  ducks  and  wad- 
ing birds  which  have  been  reported  by  Iwomey 
(1942).  Bordering  the  river  there  are  areas 
of  loose  sand  where  the  Ord's  kangaroo  rat  is 
common.  On  the  wide  grassy  floodplains  near 
Ouray  the  deer  mouse  is  very  abundant,  and 
the  northern  pocket  gopher  is  present  on  higher 
ridges  that  are  not  subject  to  periodic  flooding. 

Benchlands  and  low  mesas  that  rise  above 
the  river  floodplain  are  vegetated  with  a  mix- 
ture of  desert  shrubs.  This  is  the  Mixed  Desert 
Shrub  Zone  including  several  associations  des- 
cribed in  detail  by  Graham  (1937:  66-70). 
Three-toothed  sagebrush,  rabbitbrush,  grease- 
wood  (in  lower  areas),  shadscale,  gray  molly 
( Kochia  I'estita).  and  Tctradyrnia  are  the  more 
common  shrubs  represented.  In  the  main  the 
soil  is  rocky  or  gravelly,  but  there  are  also  some 
low  sand  hills  and  rock  ledges.  Typical  mam- 
mals are  Ord's  kangaroo  rat  (on  sandy  soil). 
white-tailed  prairie  dog,  thirteen-lined  ground 
squirrel,  and  white-tailed  antelope  squirrel.  Both 
the  white-tailed  jack  rabbit  and  the  desert  cot- 
tontail are  present.  Fhe  deer  mouse  is  abundant 
in  the  desert  shrub  communities,  and  the  golden 
mantled  ground  squirrel  occurs  fairly  common- 
ly along  the  floodplains  as  well  as  in  the  desert 
shrubs. 

In  the  Jensen  area  birds  are  similar  in  kind 
to  those  previously  described  for  the  Upper  Ba- 
sin. In  Cottonwood  groves  and  high  shrub  thick- 
ets along  the  river  and  its  tributaries,  the  west- 
ern kingbird,  yellow  warbler,  Brewer's  black- 
bird, mourning  dove  and  red-shafted  flicker  are 
probably  the  most  common.  In  the  wide  flood- 
plains  south  of  Ouray  where  there  are  ample 
nesting  sites  in  dead  but  standing  cottonwoods 
we  found  Lewis'  woodpecker  (Asyndesmiis 
lewis)  very  common.  The  red-headed  wood- 
pecker ( Melanerpes  erythrocephahis)  is  a  cha- 
racteristic, although  uncommon  resident  of  this 
habitat.  Other  common  birds  inhabiting  the 
floodplain  comnnmity  are  the  ash-throated  fly- 
catcher. Bullock's  oriole,  black-billed  magpie, 
white-breasted  nuthatch  (Sitta  carolinensis), 
yellow-breasted  chat,  warbling  vireo,  western 
meadowlark.  robin,  western  wood  pewee  and 
lark  sparrow.  On  one  visit  to  this  area  we  found 
flocks  of  turkey  vultures  roosting  in  the  cotton- 
woods. 

In  the  desert  shrub  community  Say's  phoebe, 
the  lark  sparrow,  horned  lark,  western  meadow- 
lark,  and  sage  thrasher  are  most  conunon. 
Bluebell  Station.  An  area  about  seven  miles 
northwest  of  the  town  of  Roosevelt  near  the 
road  to  Bluebell  is  typical  of  higher  benchlands 
that  lie  at  the  south  base  of  the  Uinta  Moun- 
tains as  well  as  the  east  base  of  the  Wasatch.  At 
this  point  there  is  a  series  of  low  brown  sand- 
stone ledges  with  rather  flat  intervening  areas 
that  rise  one  above  another  like  steps.  The  soil 
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on  the  flats  is  predominantly  sandy,  and  there 
are  places  where  the  sand  has  drifted  into  low 
ridges.  Two  kinds  of  junipers  (Juniperus  scopu- 
lorurn  and  Juniperus  utahensis) .  along  with  a 
few  pinyon  pines,  form  the  predominant  vege- 
tation, but  the  trees  are  somewhat  scattered 
and  between  them  are  desert  shrubs  consisting 
of  three-toothed  sagebrush,  rabbitbrush,  joint 
fir,  shadscale  and  Tetradymia.  This  area  has 
been  intensely  grazed,  and  as  a  result,  prickly 
pear  (Opuntia)  has  become  established  to  the 
extent  that  in  places  it  forms  a  nearly  solid 
mat  over  the  siuface  of  the  ground.  There  are 
a  few  grasses  of  which  galleta  grass  and  Indian 
rice  grass  are  the  most  common. 

Since  there  is  more  or  less  a  mixture  of  the 
desert  shrub  and  pinyon-jimiper  woodland  it  is 
impractical  to  separate  communities  on  the 
basis  of  vegetation  types.  The  rocky  ledges  form 
a  somewhat  distinct  habitat  where  the  pinon 
mouse  is  abundant  and  characteristic,  and  there 
are  also  a  few  yellow-bellied  marmots  {Mar- 
mota  flaviventris) .  white-tailed  antelope  squir- 
rels, and  cliff  chipnumks.  The  rock  wren  is  the 
most  characteristic  bird. 

Sandy,  pinyon-juniper-desert  shrub  com- 
munities support  a  high  popidation  of  small 
rodents.  The  deer  mouse  is  very  abundant  and 
the  Great  Basin  pocket  mouse  is  not  uncommon. 
Other  species  present  include  Ord's  kangaroo 
rat,  western  harvest  mouse,  northern  pocket 
gopher,  least  chipmunk,  and  thirteen-lined 
ground  squirrel.  There  are  also  some  white- 
tailed  jack  rabbits  and  desert  cottontails. 

Birds  of  this  area  are  typical  of  the  pinyon- 
juniper  woodland  elsewhere  in  the  Upper  Basin. 
The  plain  titmouse,  black-throated  gray  warb- 
ler, blue-gray  gnatcatcher  and  pinon  jay  are  all 
common. 

Myton  Station.  An  area  about  five  miles  sovith 
of  the  town  of  Myton  is  typical  of  extensive 
flat  or  rolling  country  that  occupies  much  of 
the  lower  benchlands  of  the  western  Uinta  Ba- 
sin. In  these  areas  the  soil  is  gravelly  or  some- 
tiiTies  sandy  and  the  vegetation  is  of  the  desert 
shrub  type  wdth  shadscale  and  Tetradymia 
ipmescens  being  predominant  plants.  Graham 
(1937)  refers  to  this  type  of  vegetation  as  the 
Atriplex-Tetradymia  Association.  The  most 
common  small  rodent  is  the  deer  mouse,  but  the 
Great  Basin  pocket  mouse,  western  harvest 
mouse,  Ord's  kangaroo  rat,  and  thirteen-lined 
ground  squirrel  are  present.  Perhaps  the  most 
characteristic  mammal  of  this  type  of  connnuni- 
ty  is  the  white-tailed  prairie  dog.  This  animal 
lives  in  colonies  in  the  most  colorless  and  barren 
flats  where  it  would  seem  that  very  little  food 
is  available  to  them. 

Birds  are  very  limited  in  kind  as  well  as 
number  on  these  flat  desertlands.  The  most 
abvmdant  and  typical  one,  however,  is  the  hom- 
ed lark. 


The  stations  considered  in  the  western  Uinta 
Basin  are  similar  enough  that  the  amphibians 
and  repitles  of  the  three  stations  are  considered 
as  one  unit. 

Extensive  irrigation  of  the  broad  valleys  and 
benchlands  has  created  numerous  marshes  and 
water  habitats  throughout  nuich  of  this  vast 
area.  As  a  result,  the  western  chorus  frog  is 
abundant.  The  Rocky  Mountain  toad  and  the 
western  leopard  frog  are  also  common  inhabi 
tants. 

In  the  lower  eastern  part  of  this  area  on  the 
rock-strewn  hillsides  and  ledges  one  encounters 
the  northern  plateau  lizard  and  the  cliff  uta. 
On  the  higher  benchlands  which  extend  gener- 
ally to  the  west  and  north  these  species  disap- 
pear, while  the  sagebrush  lizard,  northern  side- 
blotched  lizard,  northern  whiptail,  and  moun- 
tain short-horned  lizard  become  the  common 
lizards  of  this  western  portion  of  the  Uinta  Ba 
sin. 

By  far  the  most  common  snake  in  this  area 
is  the  Great  Basin  gopher  snake.  Other  species 
such  as  the  desert  striped  whipsnake,  wander- 
ing garter  snake,  Utah  milk  snake,  and  midget 
faded  rattlesnake  are  common,  although  more 
abvmdant  in  local  habitats.  In  and  near  the 
thickets  along  the  rivers  and  irrigation  canals  is 
tlie  western  blue  racer  (Coluber  constrictor 
mormon) .  Although  this  species  is  not  common- 
ly seen,  owing  perhaps  to  its  habit  of  sta\Tng 
close  to  cover,  records  indicate  that  it  too  is 
widely  distributed  in  the  western  Uinta  Basin. 
Along  the  foothills  and  in  the  canyons  whicli 
drain  into  the  basin  from  the  north  and  west, 
we  have  taken  both  the  Rocky  Mountain  rubber 
boa  (Charina  bottea  utahensis)  and  the  western 
smooth  green  snake. 

Green  River  Basin  Province 

Topographical  features  of  the  Green  River 
Basin  Province  have  been  described  elsewhere  in 
this  report.  We  have  not  studied  this  province 
as  intensively  as  we  have  the  other  two  pro- 
vinces of  the  Upper  Basin,  and  our  descriptions 
must  be  more  general,  especially  with  respect 
to  the  birds.  Three  areas  within  the  province 
will  be  considered;  namely,  the  Fort  Bridger 
Area,  the  Kemmerer-Cumberland  Area,  and  the 
Manila  Area. 

Fort  Bridger  Area 
The  town  of  Fort  Bridger,  Wyoming,  lies 
in  the  vallej'  of  Black's  Fork,  which  drains  a 
part  of  the  north  side  of  the  Uinta  Mountains 
and  eventually  flows  into  the  Green  River.  The 
valley  contains  much  rich  agricidtural  land 
where  hay  is  the  principal  crop.  In  this  area 
the  floodplain  soils  are  well  stabilized  for  the 
most  part  and  the  border  of  the  stream  itself  is 
wooded  with  cottonwoods.  willows,  and  a  few 
conifers.  On  either  side  of  the  stream  valle}' 
the  land  rises  abruptly  and  then  extends  for 
many  miles  as   flat  or  rolling  country  where 
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Fig.  20.  Green  River  at  the  Flaming  Gorge  damsite,  Daggett  County,  Utah. 
Note  the  narrow  floodplain  in  this  area.  A  mixtiu-e  of  pinyon- 
juniper  and  yellow  pine  forms  the  predominant  vegetation  on  the 
slopes  and  ledges  rising  from  the  river. 


Fig.  21.  Typical  Canyon  Country  in  the  vicinity  of  Dead  Horse  Point, 
Grand  County,  looking  southward  into  the  Canyon  country  of  the 
Colorado  River  Province.  In  the  foreground  and  middle  distance 
are  the  horizontal  sandstone  formations  with  their  precipitous  and 
barren  walls  and  flat,  sparsely  vegetated  mesa  tops.  In  the  distance 
are  the  intrusive  Abajo  Mountains  and  the  Elk  Ridge.  Frequently 
bordering  the  river  is  a  narrow  floodplain  where  tamarisk  and 
willows  are  the  predominant  plants.  Occasional  clumps  of  cotton- 
wood  also  are  found. 


-^^ 


If*" 


m':^^^ 


w 


ii??* 


■bvA.i'li-^¥t:.'. 


56 


Brigham  Young  University  Science  Bulletin 


sagebrush,  rabbitbrush,  and  shadscale  fonn  the 
predominant  vegetation. 

Only  a  limited  amount  of  collecting  and 
observations  has  been  made  by  us  in  the  Fort 
Bridger  Area.  In  the  floodplain  habitat  adjacent 
to  the  stream  the  muskrat  is  common  and  the 
beaver  (Castor  canadensis)  occurs.  Of  the 
smaller  rodents,  the  deer  mouse  is  again  the 
most  common  but  the  montane  vole  is  also 
abundant,  and  there  are  a  few  western  jumping 
mice  (Xapus  princeps)  in  the  grassy  meadows. 
The  last-named  species  is  indicative  of  the  clos- 
er relationship  of  these  more  elevated  communi- 
ties of  the  Upper  Basin  to  the  montane  forest, 
and  this  relationship  is  still  further  indicated  by 
the  presence  of  the  red  squirrel  [Tamiasciurus 
hudsonicus)  and  the  northern  pocket  gopher. 

The  most  characteristic  manmial  of  the 
plains  adjacent  to  the  river  valley  is  Richard- 
son's ground  squirrel  [Citellus  richardsonii ) . 
This  species  naturally  occurs  also  in  the  river 
valley,  but  poisoning  activities  by  ranchers  have 
tended  to  reduce  their  number  in  that  habitat. 
Colonies  of  the  white-tailed  prairie  dog  are  scat- 
tered over  the  plain,  and  the  white-tailed  jack 
rabbit  is  abundant. 

Kenimerer-Cumberland  Area 
An  area  some  fifteen  miles  south  of  the  town 
of  Kennnerer  in  the  vicinity  of  the  old  and 
abandoned  townsite  of  Cimiberland  is  typical 
of  much  of  the  plains  country  of  the  Green  Ri- 
ver Province.  In  this  area  there  is  a  series  of 
low  hills  or  ridges  running  mainly  in  a  north- 
south  direction  with  shallow  intei-vening  val- 
leys that  frequently  contain  deep  erosional 
washes.  The  soil  is  predominantly  gray  clay  or 
sand  and  clay  with  a  mixture  of  fine  gravel  in 
places.  There  are  also  a  few  outcroppings  of 
sedimentary  rocks  which  bear  record  of  the  rich 
coal  deposits  of  the  general  area. 

The  vegetation  of  the  area  is  one  of  the 
desert-shrub  type.  In  the  bottoms  of  the  draws 
and  valleys  greasewood  and  three-toothed  sage- 
brush constitute  the  predominant  vegetation 
while  in  more  disturbed  areas  along  roadways 
and  elsewhere  rabbitbrush  is  'abundant.  On 
higher  ridges  and  hilltops  two  or  three  species 
of  shadscale  and  Tetradymia  form  a  sparse  vege- 
tation cover.  There  are  no  junipers  or  other 
trees  in  this  area. 

Our  present  knowldege  of  this  area  is  limited 
to  the  small  rodents.  The  deer  mouse  was  found 
by  us  to  be  more  abundant  here  than  in  any 
other  place  in  the  Upper  Basin.  The  Great  Ba- 
sin pocket  mouse  is  also  very  common  as  well 
as  the  least  chipmunk.  Less  common  species  in- 
clude the  sagebrush  vole  (Lagurus  curtatus). 
northern  grasshopper  mouse,  and  the  northern 
pocket  gopher.  Of  the  larger  rodents  Richard 
son's  ground  squirrel,  white-tailed  prairie  dog, 
and  white-tailed  jack  rabbit  are  also  conmion. 


In  the  marshes  along  the  Green  River  and 
its  tributaries  are  large  populations  of  the  west- 
ern chorus  frog.  In  late  May  and  June  this 
frog  has  been  heard  calling  along  the  marshes 
from  Kemmerer  to  Green  River  City.  Less  com- 
mon are  the  western  leopard  frog  and  the  Rocky 
Mountain  toad. 

Reptiles  in  this  area,  and  in  fact  throughout 
this  entire  province,  are  sparse.  Perhaps  the 
most  common  species  are  the  sagebrush  lizard, 
eastern  short-horned  lizard  (Phrynosoma  d. 
brevirostris).  Great  Basin  gopher  snake  and, 
along  the  streams  and  marshes,  the  wandering 
garter  snake. 

Manila-Linwood  Area 

An  area  south  of  Manila,  Daggett  County, 
Utah,  is  typical  of  the  southern  part  of  the 
Green  River  Basin.  It  lies  at  the  north  foothills 
of  the  Uinta  Mountains  and  is  more  or  less 
continuous  with  the  desert  shrub  plains  that  ex- 
tend northward  into  Wyoming.  This  continuity 
in  interrupted  a  few  miles  north  of  the  base  of 
the  mountains  by  a  series  of  badland  forma- 
tions that  are  not  exceeded  in  barrenness  by 
any  such  formations  in  any  other  area  of  the 
Upper  Basin,  llie  influence  of  the  Uinta  Moun- 
tain anticline  is  here  indicated  by  beds  of  rock 
that  are  tilted  and  have  eroded  in  such  a  man- 
ner as  to  leave  exposed  a  series  of  rocky  ledges. 

The  higher  benchlands  that  lie  near  the 
mountains  are  wooded  with  a  pinyon-juniper 
forest  while  the  plains  extending  to  the  north- 
ward are  vegetated  with  desert  shrubs.  On  the 
lower  benclies  and  slopes  three-toothed  sage- 
brush forms  the  predominant  vegetation  while 
in  the  lower  valley  there  is  a  mixture  of  grease- 
wood,  sagebrush,  and  shadscale.  (Fig.  11  and 
20) 

Svihla  (1931  and  1932)  has  published  \\\n 
papers  dealing  with  the  mammals  in  and  adja- 
cent to  the  Manila-Linwood  Area.  Our  own 
observations  indicate  that  of  the  small  rodents 
the  deer  mouse  is  typically  the  most  abundant 
mammal  in  both  the  desert  shrub  and  pinyon- 
juniper  community.  The  Great  Basin  pocket 
mouse  is  also  very  common  in  this  connnunity. 
and  there  are  fairly  large  numbers  of  the  least 
chipmunk.  Colonies  of  white-tailed  prairie  dogs 
occur  in  this  area  and  the  white-tailed  jack  rab- 
bit is  common. 

Oin-  field  work  has  not  included  a  study  of 
the  pinyon-juniper  woodland  and  its  associated 
rocky  ledges,  but  Svihla  (op.  cit.)  found  the  cliff 
chipnumk,  canon  mouse,  brusli  mouse  and 
bushy-tailed  woodrat  to  be  common. 

Our  bird  records  from  the  Manila  area  are 
very  incomplete.  The  mourning  dove  occurs  in 
abundance  throughout  the  summer  both  in  tlie 
pinyon-juniper  and  plains  areas.  The  poorwill 
is  another  fairly  common  species,  and  the  com- 
mon nighthawk  is  also  present. 
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VII.     THE  LARGER  MAMMALS  OF  THE 
UPPER  COLORADO  RIVER  RASIN 

The  previous  discussions  on  the  biotic  com- 
munities of  the  desert  lands  of  the  Upper  Colo- 
rado River  Rasin  have  dealt  in  the  main  with 
the  smaller  mammals,  the  ranges  and  ecological 
adaptions  of  which  are  more  limited.  In  ad- 
dition there  are  the  larger  ungulate,  predatory 
and  furbearing  mammals  that  range  widely 
through  the  Upper  Rasin  and  are  often  less 
limited  by  local  ecological  factors. 

Our  knowledge  is,  in  many  cases,  limited  to 
signs,  or  reports  from  local  residents  and  trap- 
pers rather  than  from  direct  observations.  The 
Fish  and  Game  Departments  of  the  states  of 
Utah.  Colorado,  and  Wyoming  have  been  most 
helpful  in  furnishing  us  with  infonnation  rela- 
tive to  the  larger  game  animals. 

It  is  difficult  to  compare  the  populations  of 
these  larger  mammals  today  with  the  conditions 
that  prevailed  prior  to  the  e.xploration  and 
settlements  of  the  white  man.  The  observations 
of  Powell  (1875)  during  his  first  exploration 
of  the  Green  and  Colorado  Rivers  in  1869-70 
are  of  some  value  since  he  covered  much  of  the 
Upper  Rasin  and  made  a  few  notes,  especially 
on  the  large  mammals,  as  he  went  along.  How- 
ever, his  observations  were  limited  to  the  close 
proximity  of  the  waterway.  He  and  his  men 
climbed  the  walls  of  the  canyon  to  gain  a  bet- 
ter view  of  the  suiTounding  country.  Limitation 
of  game  close  to  the  streams  is  indicated  bv 
the  fact  that  even  though  Powell's  party  lost 
much  of  their  food  supply  through  accidents 
and  spoilage  and  often  felt  the  pinch  of  hunger, 
they  were  able  to  obtain  fresh  meat  on  only  a 
few  occasions. 

During  Powell's  second  expedition  of  1871- 
72  a  number  of  his  men  kept  extensive  diaries. 
These  included  the  writings  of  Stephen  V. 
Jones.  John  F.  Steward,  W.  C.  Powell,  and  Fred- 
erick S.  Dellenbaugh.  (See  Utah  Historical 
Quarterly,  Vols.  XVI-XVII,  1948,  1949,  and 
Dellenbaugh,  1902).  Game  was  taken  for  food 
at  every  opportunity,  or  at  least  efforts  were 
made  to  obtain  it,  and  this  was  usually  men- 
tioned in  the  diaries.  Very  few  observations 
were  recorded  for  smaller  mammals.  Peiiisal 
of  these  records  indicates  a  general  pattern  of 
the  distribution  of  the  larger  animals  along  the 
course  of  the  principal  streams. 

Reaver 
Castor  canadensis 
Prior  to  the  coming  of  the  white  trapper 
the  beaver  was  widespread  along  the  Green. 
Grand,  and  Colorado  rivers  and  their  tributaries. 
We  are  aware  of  this  from  the  activities  of  the 
early  trappers  such  as  Ashley,  Rridger,  and 
Provost  (Provot)  especially  in  the  Green  River 
Valley  of  southwestern  Wyoming  and  north- 
eastern Utah  around  the  year  1825.  These  trap- 
pers, along  with  many  others,  had  a  rendezvous 


at  a  point  on  the  Green  River  near  the  entrance 
to  Flaming  (Jorge  and  another  at  Rrown's  Park. 
The  latter  area  especially  was  an  important 
trading  post  for  beaver  furs  in  those  early  days. 

The  canyon  country  of  the  Green  and  Colo- 
rado was  apparently  not  visited  to  any  extent 
by  the  early  trappers,  but  Powell  and  his  men 
record  the  beaver  from  several  points  along  the 
way,  and  early  records  from  Monnon  and  other 
explorers  indicate  their  presence  in  that  area  as 
well. 

Activities  of  the  early  trappers  greatly  re- 
duced the  nuinbers  of  beaver  and  in  places  eli- 
minated them  entirely.  However,  protective 
laws  of  the  several  states  in  the  past  several 
decades,  as  well  as  restoration  programs,  have 
permitted  them  to  return,  and  the}'  are  now 
again  widespread  throughout  the  entire  Upper 
Rasin.  Along  the  main  course  of  the  Green  and 
Colorado  Rivers  we  have  noted  the  animals  or 
their  signs  at  nearly  every  point  we  have  visited. 
They  often  fell  large  Cottonwood  trees  along  the 
floodplains,  but  they  seem  to  feed  principally 
on  willows. 

Porcupine 
Erethizon  dorsatum 

rhe  porcupine  is  an  iinportant  large  rodent 
throughout  the  entire  Upper  Rasin.  In  recent 
years  its  numbers  seem  to  have  increased  con- 
siderably. In  the  desertlands  it  is  probably  most 
abundant  in  the  pinyon-juniper  woodlands 
where  it  feeds  extensively  on  the  pinyon  pine. 
1  lowever,  the  animal  is  by  no  means  confined  to 
this  habitat  but  also  frequents  the  floodplains 
along  the  waterways  and  is  often  found  even  in 
more  open  desert  types,  especially  in  the  canyon 
lands.  The  pinyon-juniper  forests  in  the  Flain- 
ing  Gorge  area  showed  about  an  85 'y'^  damage. 

Coyote 
Canis  latrans 

The  coyote  was  fonnerly  widespread  and 
common  throughout  the  Upper  Rasin.  In  our 
earlier  trips  into  the  area  we  frequently  sav/  or 
heard  the  animals,  but  we  have  rarely  encoun- 
tered them  the  last  few  years.  Presumably  the 
determined  efforts  of  livestock  men  and  govern- 
ment trappers  and  the  modern  means  of  exter- 
mination have  reduced  their  numbers  effective- 
ly. 

Gray  Wolf 
Canis  lupus 

Young  and  Goldman  (1944)  indicate  that 
the  wolf  formerly  ranged  throughout  the  LTpper 
Rasin.  Powell  (1875)  records  wolves  among 
herds  of  antelope  near  what  is  now  Jensen  in 
the  Uinta  Rasin.  In  reference  to  "wolves"  in  the 
later  writings  of  other  members  of  Powell's 
second  party  it  seems  doubtful  whether  the 
animals  actually  seen  were  wolves  or  coyotes. 
At  any  rate  it  is  doubtful  if  any  wolves  occur 
in  the  Upper  Rasin  today  unless  it  is  in  the  ex- 
treme northern  part. 
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Red  Fox 
Vulpes  fulva 
According  to  Durrant  (1952)  the  red  fox 
is  not  a  common  animal  in  the  Utah  portion  of 
the  Upper  Basin  at  least.  It  appears  to  be  more 
common  southward  in  the  basin  where  he  re- 
corded it  near  Ilenrieville  and  Blanding.  Indi- 
cations are  that  it  is  continually  being  reduced 
in  nimibers.  We  have  not  encountered  the  ani- 
mal directly  in  our  studies. 

Gray  Fox 
Urocyon  cinereoar genteus 

This  fox  inliabits  the  Upper  Colorado  River 
Basin  at  least  as  far  north  as  the  Uinta  Moun 
tains.  It  seems  to  be  more  common  than  the 
red  fox.  Considerable  numbers  are  taken  each 
year  by  trappers.  Two  specimens  from  Garfield 
County,  taken  near  Boulder,  are  in  the  Brig- 
ham  Young  University  collection.  Fox  tracks 
have  been  noted  at  nearly  all  of  our  stations 
in  the  Upper  Basin  in  suitable  habitats.  This 
fox  commonly  inhabits  the  more  rugged  foot- 
hill and  canyon  country  rather  than  the  open 
plains. 

Black  Bear  and  (irizzly  Bear 
Ursus  americanus  and  Ursus  horribilis 

Available  infoiTnation  indicates  that  both  the 
black  and  grizzly  bears  fonnerly  inhabited  the 
mountains  and  high  plateaus  of  the  Upper  Basin 
in  considerable  nvmibers.  It  is  doubtful  if  they 
visited  the  desertlands  and  lower  river  vallevs 
to  any  extent.  The  grizzly  bear  has  now  been 
eliminated  from  most  of  the  Upper  Basin.  The 
black  bear  still  remains  in  small  numbers  at 
higher  elevations. 

Ringtail 
Bassariscus  astutus 

The  ringtail,  or  "ring-tailed  cat"  as  it  is 
sometimes  called,  apparently  inhabits  the  can- 
yons and  more  rugged  covmtry  of  the  desert- 
lands  of  the  Upper  Basin  at  least  as  far  north 
as  the  Uinta  Basin.  We  have  not  had  direct  con- 
tact with  the  animal  in  our  field  work  but  trap- 
pers and  local  residents  consider  it  to  be  fairly 
common.  Durrant  (1952,  411-413)  recognized 
two  subspecies  from  the  area  and  includes  sever- 
al records  from  Kane,  San  Juan,  Emery,  Du- 
chesne, and  Uintah  Counties. 

Mustelid  Mammals 

Several  species  of  mustelids  occur  irregular- 
ly but  consistently  throughout  the  Upper  Colo- 
rado Basin.  The  long-tailed  weasel  (Mustela 
frenata)  is  more  common  in  the  moimtains  and 
high  plateaus  but  also  occurs  along  the  water- 
ways at  lower  elevations.  The  ermine  (Mustela 
erminea)  was  collected  a  few  miles  south  of 
Manila  in  Daggett  County  by  one  of  our  parties. 
The  black-footed  ferret  (Mustela  nigripcs)  is 
recorded  by  Durrant  (1952)  from  San  .luan 
County.  He  states  that  the  animal  preys  upon 
prairie  dogs  and  is  often  associated  with  their 
colonies.   The  mink    (Mustela  vison)    is   fairly 


common  along  the  tributaries  of  the  Upper 
Green  river  especially,  but  in  the  more  southern 
portion  of  its  range  it  is  apparently  confined 
mostly  to  the  high  plateaus  and  mountains. 
Throughout  the  Upper  Basin  the  badger  (Taxi- 
(lea  taxus)  is  present  in  small  numbers  especial- 
ly in  areas  where  there  are  squirrels  and  pocket 
gophers.  Powell's  parties  mention  seeing  the 
animals  on  several  occasions  along  the  course 
of  the  Green  and  Colorado  Rivers.  However, 
very  few  actual  collections  have  been  recorded 
from  the  Upper  Basin. 

The  western  spotted  skunk  (Spilogale  gra- 
cilis) and  striped  skunk  (Mephitis  mephitis) 
both  inhabit  the  Upper  Basin.  The  spotted 
skunk  has  been  recorded  at  scattered  localities 
of  the  area  both  in  Utah  and  Colorado.  It  seems 
to  be  less  common  farther  north.  A  record  is 
available  for  Sheep  Creek,  Daggett  County.  Utah 
(Svihla;  1931:259),  but  we  have  no  other  rec- 
ard  from  the  Green  River  Province.  However, 
it  has  been  recorded  from  southwestern  Mon- 
tana (Jellison,  Jour.  Mammalogy,  12:314,  1931) 
which  would  indicate  that  it  might  occur 
throughout  the  Green  River  Province.  The  strip- 
ed skunk  is  also  found  throughout  the  Upper 
Basin.  Our  field  experience  with  these  animals 
is  not  sufficient  to  indicate  their  ecological  re- 
lations although  at  present  they  seem  to  be 
more  common  near  settlements  or  farming  com- 
munities. 

The  river  otter  (Lutra  catuidensis)  occurred 
formerly  along  the  main  streams  of  the  Upper 
Basin.  This  statement  is  based  on  a  few  scat- 
tered records  that  are  available.  Members  of 
Powell's  second  Colorado  River  expedition 
(1871)  reported  otters  south  of  Green  River. 
Wyoming;  Durrant  (1952)  has  published  a 
record  from  near  Oviray,  Uintah  County,  and 
Gregory  (1931)  refers  to  a  record  from  Glen 
Canyon.  San  Juan  County.  Utah. 
Mountain  Lion 
Felis  concolor 

This  animal  ranges  throughout  the  entire 
Upper  Basin  in  suitable  habitats.  It  seems  to  be 
more  abundant  in  wooded  areas  at  higher  ele- 
vations, and  ill  the  desertlands  of  tlie  basin  it 
occurs  particularly  in  more  rugged  country 
where  pinyon-juniper  woodlands  predominate. 

Lynx  and  Bobcat 
Lynx  canadensis  and  Lynx  rufus 
Both  the  lynx  and  bobcat  inhabit  the  Upper 
Basin  area  although  the  former  seems  to  be 
confined  to  the  montane  forests  at  higher  eleva- 
tions and  is  much  less  common  than  the  bobcat 
(Durrant,  1952:444).  Since  size  is  not  a  re- 
liable criterion  for  separating  the  two,  there 
seems  to  be  considerable  confusion  in  the  reports 
of  their  occurrence.  Insofar  as  the  desertlands 
are  concerned  the  bodcat  is  far  more  important 
than  the  lynx.  Judging  from  the  niunbers  killed 
by  trappers  bobcats  are  more  abundant  than  is 
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commonly  suspected.  They  live  in  the  more 
rugged  areas  or  along  streams  where  pinyon- 
juniper  forests  or  other  taller  vegetation  pre 
dominates. 

Wapiti  or  "elk" 
Cervus  canadensis 

The  wapiti  was  indigenous  to  the  Upper 
Basin  area  but  was  probably  confined  mainly 
to  the  higher  mountain  parks  and  upper  parts 
of  the  drainage  systems.  Members  of  Powell's 
parties  found  it  in  the  Uinta  Mountains  (Red 
Canyon  and  Red  Lake)  and  on  the  Tavaputs 
Plateau.  Gregory  (1950)  states  that  it  former- 
ly occurred  in  the  Paria  Valley  of  Kane  Coun- 
ty. The  name  "Paria"  is  interpreted  as  mean- 
ing "elk"  in  the  Paiute  language.  It  was  like- 
wise common  in  the  higher  valleys  of  the  Up- 
per Green  River  in  Wyoming  and  in  the  Upper 
Colorado  drainage  of  Colorado. 

Although  natural  populations  of  elk  were 
greatly  reduced  following  the  settlement  by  the 
white  man.  in  recent  years  they  have  been  re- 
introduced in  many  areas  and  have  increased 
considerably.  The  Wyoming  Game  and  Fish 
Commission  estimates  that  there  are  about  3.300 
head  in  the  Upper  (ireen  River  drainage.  The 
Game  and  Fish  Commission  of  Colorado  re- 
ports large  herds  in  the  upper  drainage  of  the 
Yampa  and  White  Rivers.  The  upper  White 
River  drainage  served  as  one  of  the  last  impor- 
tant refuges  of  the  Colorado  herds  (Swift,  1945: 
118),  and  a  large  herd  exists  there  today.  Ac- 
cording to  Swift  the  Yampa  River  drainage 
"was  famous  as  an  elk  country  in  the  early 
days,  one  estimate  for  1880  being  20,000."  Ap- 
parently some  native  elk  were  able  to  survive 
in  the  Colorado,  Gunnison.  Dolores  and  San 
Juan  drainages  (Swift,  1945:117)  and  have 
since  been  supplemented  by  introductions  from 
other  areas. 

In  Utah  the  State  Department  of  Fish  and 
Game  has  published  data  on  elk  for  1957.  In 
the  Ashley  National  Forest  west  and  south  of 
the  Green  River  in  Daggett  County  there  were 
estimated  to  be  about  300  animals.  In  the 
Brown's  Park  Area  there  were  about  140  ani- 
mals. About  460  elk  were  estimated  for  the 
Ashley  National  Forest  in  Uintah  County.  No 
herds  are  reported  for  the  southern  part  of  the 
Upper  Basin  in  Utah. 

The  Mule  Deer 
Odocoileiis  hemionus 
The  mule  deer  was  formerly  distributed  in 
suitable  habitats  throughout  the  Upper  Basin. 
Powell's  parties  record  deer  among  the  willows 
and  on  the  sagebrush  plains  at  various  points 
along  the  Green  River  as  far  south  as  the  junc- 
tion of  the  Green  and  Duchesne.  At  the  present 
time  deer  still  occur  conmionly  even  in  sum- 
mer on  the  floodplains  at  Brown's  Park,  the 
Ouray  area  and  other  points  along  the  Green 
and  its  tributaries.  Farther  south  in  the  Upper 


Basin  the  animals  apparently  were  confined  in 
siunmer  to  the  higher  plateaus  and  mountains 
but  moved  down  in  winter  into  the  pinyon-juni- 
per  woodlands  as  they  do  today.  No  records  of 
deer  were  made  by  the  Powell  parties  in  the 
canyon  country.  Since  the  men  were  low  on 
rations  it  seems  likely  that  deer  would  have 
been  killed  or  at  least  mentioned  if  any  had 
been  noted  along  the  floodplains  in  this  area. 
I  lowever.  deer  may  have  extended  down  into 
the  canyons  during  the  winter  in  the  early 
days  as  they  do  at  the  pre.sent  time. 

At  present  deer  are  widely  distributed  in 
suitable  habitats  throughout  the  Upper  Basin 
except  in  the  Navajo  Mountain  Area.  Their 
principal  impact  upon  the  desertlands  of  the 
basin  is  in  the  pinyon-juniper  woodlands  or 
foothill  brushland.  which  they  use  as  winter 
range.  Undoubtedly  these  animals  are  now  far 
more  abundant  over  most  of  their  range  than 
they  were  before  the  coming  of  the  white  man. 
In  fact  they  are  so  abundant  that  their  winter 
range  in  particular  is  being  gradually  depleted 
and  special  hunts  are  being  organized  to  con- 
trol  their  numbers. 

Pronghorn 
Antilocapra   americana 

A  ninnber  of  scattered  reports  indicate  that 
the  pronghorn  or  "prong-horned  antelope"  was 
present  throughout  the  Upper  Basin  prior  to  the 
advent  of  the  white  man.  Indications  are,  how- 
ever, that  it  was  much  more  abundant  in  the 
northern  part  of  the  tasin  (Uinta  and  Green 
River  Provinces)  than  it  was  sovithward.  Pow- 
ell's parties  reported  herds  on  the  plains  south 
of  Green  River.  Wyoming,  and  again  in  the 
Uinta  Basin  (Wonsits).  They  were  also  re- 
ported early  in  the  San  Rafael  and  Escalante 
Basin  areas  (Tanner.  1940: 104),  Moab  and  La- 
Sal  Mountains  area  (Barnes,  1927:169),  and 
Bryce  Canyon  area  (Presnall,  1938:20).  Pio- 
neer settlers  in  Rabbit  Valley,  Wayne  County, 
report  their  presence  there  in  early  days. 

Aside  from  the  excessive  hunting  of  the  ani- 
mals by  white  men,  competition  with  live  stock, 
especially  sheep,  for  the  winter  range  may  have 
been  partly  responsible  for  the  near  extermina- 
tion of  the  pronghorn.  Protection  and  restora- 
tion measures  have  resulted  in  their  come-back 
within  the  last  decade.  In  places  they  are  again 
becoming  abundant  enough  to  pennit  limited 
hunting.  This  is  particularly  true  in  the  north- 
ern part  of  the  basin.  The  Wyoming  Game 
and  Fish  Commission  (Letter  from  T.  C.  Baker, 
.\pril  29,  1958)  estimates  that  there  are  now 
some  7,000  pronghorns  in  the  Green  River 
drainage  of  that  state.  The  Game  and  Fish 
ConuTiission  of  Colorado  (Letter  from  R.  N. 
Denney.  June  10,  1958)  estimate  about  1.500 
animals  in  the  Yampa  and  White  River  drain- 
ages of  that  state. 

In   the   Utah   portion   of   the   Upper   Basin 
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small  herds  resulting  from  migration  of  plants 
are  found  in  Daggett  County,  Uintah  County, 
Grand  County,  and  the  San  Rafael  area.  (Utah 
Big  Game  Report,  Utah  State  Department  of 
Fish  and  Game,  1957).  The  Daggett  County 
herd  is  the  largest.  In  the  Bonanza,  Uintah 
County,  area  the  maximum  herd  estimate  is 
250  animals. 

Eighteen  head  of  antelope  were  seen  in 
Grand  County  near  the  Colorado  line  in  1951 
but  have  not  been  reported  since.  The  San  Ra- 
fael herd  is  supposed  to  number  about  500  head. 
These  animals  have  come  from  a  nucleus  of 
native  animals  and  some  transplants  from  Dag- 
gett County. 

Bison 
Bison  bison 

Information  relative  to  the  occurrence  of 
the  bison  in  the  intermountain  area  recently 
has  been  compiled  and  reviewed  by  Roe  (1951: 
257-282).  There  were  many  conflicting  reports 
by  the  early  explorers  and  fur  traders.  It 
seems  evident,  however,  that  the  animals  were 
never  as  abundant  west  of  the  Colorado  Rocky 
Mountains  as  they  were  on  the  Great  Plains, 
In  the  Upper  Colorado  River  Basin  they  were 
probably  most  nimierous  in  the  Green  River 
Valley.  Fremont  (1846)  wiites  that  about  1824 
".  .  .  the  buffalo  were  spread  in  immense  num- 
bers over  the  Green  and  Bear  River  valleys.  .  ." 
He  apparently  obtained  his  infoiTtiation  from 
Mr.  Fitzpatrick  who  was  an  early  fur  trader. 
The  Ashley  and  Smith  party  traveling  along 
the  Yampa  River  and  along  the  Green  River  in 
southern  Wyoming  noted  an  abundance  of 
game,  including  buffalo,  in  1825   (Dale,  1918). 

Fremont  also  refers  to  buffalo  along  the 
Yampa.  White  and  Grand  Rivers  and  notes 
that  they  extended  as  far  westward  as  the 
mouth  of  the  White  River.  Father  Escalante 
and  his  party  recorded  killing  a  bison  September 
13,  1776,  at  a  point  near  where  he  crossed  the 
Green  River.  This  is  close  to  the  present  town 
of  Jensen.   (Durrant,  1952:11). 

The  bison  had  mostly  disappeared  from  the 
Upper  Basin  before  the  Mormon  pioneers  ar- 
rived. Several  later  reports  are  available  from 
the  writings  of  Allen  (1876).  He  reported  that 
Stansbury  found  them  on  the  Upper  Yampa 
in  1849.  Allen  also  reported  that  a  solitary  bull 
was  seen  near  Fort  Bridger  in  1875  which  was 
the  first  animal  seen  in  that  area  for  thirty 
years.  One  of  the  last  specimens  in  the  Green 
River  area  was  supposed  to  have  been  shot  on 
Henry's  Fork  in  1844. 

We  have  not  been  able  to  find  any  authen- 
tic records  of  indigenous  buffalo  in  the  south- 
ern part  of  the  Upper  Basin. 

A  few  small  herds  of  introduced  animals 
are  now  living  in  the  Upper  Basin.  There  is  a 
small  herd  at  Colorado  National  Monument 
west   of  Grand   Junction.   T.    C.    Baker  of   the 


Wyoming  Game  and  Fish  Commission  reports 
(Letter,  April  29,  1958)  that  thei-e  are  no  bison 
in  the  Green  River  drainage  at  the  present 
time  except  privately  owned  animals.  In  Utah 
there  is  at  the  present  time  a  small  herd  in  the 
Hanksville-Henry  Mountains  area.  Twenty- 
three  animals  were  released  in  the  Robber's 
Roost  area  in  1941  and  1942.  By  1957  these 
had  increased  to  about  43  animals  which  sum- 
mer an  the  Henry  Mountains  and  winter  on  the 
BuiT  Desert.  Ten  hunting  permits  were  issued 
in  1950  and  10  animals  were  killed. 

According  to  Gregory  (1950)  bison  were 
introduced  into  the  House  Rock  Valley  in  1895 
but  we  have  no  further  information  about  the 
herd. 

Mountain  Sheep 
Ovis  canadnsis 

It  is  evident  from  munerous  records  that 
mountain  sheep  were  formerly  common  in  the 
rugged  country  all  along  the  Green  and  Colo- 
rado Rivers  and  their  large  tributaries.  Powell's 
parties  made  several  references  to  them  and  oc- 
casionally used  them  for  food.  The  Wyoming 
Game  and  Fish  Commission  estimates  that  there 
are  now  about  300  sheep  in  the  Green  River 
drainage.  The  Colorado  Game  and  Fish  Com- 
mission estimate  that  there  are  about  400  ani- 
mals in  the  Yampa  aiid  White  River  areas.  In 
Utah  there  are  scattered  reports  from  the  Uinta 
Mountains,  White  Canyon  and  I  lite.  Unverified 
records  are  available  for  eastern  Grand  and  San 
Juan  Counties.  Older  records  are  available  for 
Dark  Canyon  southeast  base  of  Kaiparowats  Pla- 
teau and  the  Grand  Gidch  Plateau  (Gregory 
1931  and  1938).  Hunt  (1953)  also  reports  sheep 
from  the  llein-y  Mountains  (Mt.  Holmes  and 
Mt.  Ellsworth)  and  states  that  they  were  for- 
merly common  on  Mt.  Ellen  and  throughout 
the  canyons. 

VIII.   FAUNAE  RELATIONS  OF  THE 
UPPER  COLORADO  RIVER  BASIN 

A  number  of  systems  have  been  used  to 
analyze  the  fauna  of  a  given  area  in  the  light 
of  their  geographic  distribution  and  their  rela- 
tionships to  the  faunas  of  suiTOunding  areas. 
The  tendency  has  been  to  set  up  faunal  areas 
which  are  defined  in  tenns  of  geographic  or 
topographic  factors  and  the  animals  that  are 
known  to  be  limited  in  distribution  by  these 
factors.  Such  systems  have  been  utilized  local- 
ly by  Hall  (1946)  for  Nevada,  Davis  (1939) 
for  Idaho,  Durrant  (1952)  for  Utah,  and  more 
particularly  Kelson  (1951)  for  the  Colorado 
River  drainage.  All  of  these  systems  are  based 
on  mammals  alone  and  are  not  supposed  neces- 
sarily to  apply  to  other  animals.  In  the  propos- 
als mentioned  above  each  state  or  region  under 
consideration  is  divided  into  faunal  areas  of 
large  dimension  which  are  in  turn  subdivided 
into    provinces    and    subcenters.    All    of    these 
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areas  are  indicated  on  maps  where  it  becomes 
necessary  to  define  their  limits  by  definite  lines. 

Although  these  faunistic  systems  have  con- 
siderable usefulness  when  dealing  with  one 
group  of  animals,  they  tend  to  break  down 
when  applied  to  animals  as  a  whole,  and  one 
must  seek  a  more  flexible  system  for  dealing 
with  the  problem.  As  has  been  previously  point- 
ed out  in  this  report,  the  distribution  of  any 
particular  kind  of  animal  depends  upon  a  com- 
plex set  of  factors  which  are  both  geographic 
and  ecologic.  It  soon  becomes  apparent  to  the 
field  investigator  that  it  is  necessary  to  consider 
each  kind  of  animal  in  the  light  of  its  own  dis- 
tributional peculiarity  and  that  variation  rather 
than  identity  is  the  rule  when  it  comes  to  a 
consideration  of  the  geographical  relations  of  a 
group  of  animals.  Unfortunately,  neither  space 
nor  knowledge  are  sufficent  to  evaluate  here 
the  geological  liistory  of  tlie  animals  of  the  Up- 
per Basin.  Our  knowledge  of  their  ecologic 
limitation  is  also  incomplete.  Our  analysis  of 
the  general  faunal  relationships  of  the  area  must 
be  based,  therefore,  mainly  upon  our  know- 
ledge of  their  present-day  occurrence  as  popu- 
lations within  the  Upper  Basin  and  surrounding 
country.  Furthermore,  our  knowledge  at  the 
present  writing  is  based  entirely  upon  the  land 
vertebrates  since  our  collections  of  the  inverte- 
brates are  still  far  from  complete  or  have  not 
been  sufficiently  studied  to  allow  conclusive 
results  to  be  given. 

With  respect  to  the  land  vertebrates  we  now 
have  sufficient  infonnation  from  our  own  ob- 
servations and  those  of  others  to  give  us  a  fairly 
clear  picture  of  the  faunal  relations  of  this 
group  within  the  desertlands  of  the  Upper  Basin. 
However,  even  with  this  relatively  limited 
group  of  animals  the  innate  and  environmental 
factors  that  control  their  distribution  are  so  vari- 
able as  to  make  the  mapping  of  faunal  areas  or 
provinces  quite  impractical.  In  consequence  of 
this  we  have  chosen  to  utilize  the  system  of 
Dunn  (1931)  and  of  Mayr  (1946)  proposed 
by  them  to  deal  wixh  the  faunal  relations  of 
reptiles  and  birds  respectively.  Although  their 
proposals  were  applied  on  a  continental  and 
intercontinental  scale  and  were  based  in  part 
upon  paleontological  information,  we  find  them 
to  be  helpful  tools  when  used  on  a  much  smaller 
scale  and  when  based  purely  upon  recent  zoo- 
geographical  knowledge. 

In  analyzing  the  fauna  of  a  given  region 
Dumi  and  Mayr  used  the  term  "element"  in 
refen-ing  to  the  several  components  that  make 
up  the  fauna.  When  the  vertebrate  fauna  of 
the  Upper  Basin  is  considered,  it  becomes  ap- 
parent that  it  also  is  composed  of  elements  that 
have  their  principal  areas  of  distribution  in  sur- 
rounding territory.  Tliis  is  particularly  evident 
with  the  mammals  and  reptiles  but  applies  also 
to  the  birds  in  a  lesser  degree. 


Before  the  several  groups  of  land  vertebrates 
are  considered,  it  is  desirable  to  review  once 
more  certain  topographical  features  of  the  Up- 
per Basin  that  bear  upon  the  elements  of  its 
fauna.  On  the  west  the  Wasatch  Mountains  and 
high  plateaus  of  Utah  and  the  continuation  of 
the  highland  into  Idaho  appear  to  separate  ef- 
fectively several  typically  Great  Basin  elements, 
particularly  mammals  and  reptiles,  from  the 
Colorado  Basin  and  vice  versa.  On  the  east  the 
wide  chain  of  the  Colorado  Rocky  Mountains 
perfonns  a  similar  function  in  separating  the 
Colorado  Basin  from  the  Great  Plains,  yet  there 
is  a  certain  amount  of  ingress,  particularly  of 
the  northern  Great  Plains  fauna  via  the  rela- 
tively low  Continental  Divide  in  Wyoming.  The 
northward  extent  of  the  Upper  Basin  Fauna  is 
limited  in  part  by  the  loigh  Windriver  and 
Wyoming  Ranges  and  in  part  by  the  gradual 
rise  in  altitude  northward  toward  these  ranges. 
Southward  the  boimdary  of  the  Upper  Basin 
is  less  well  defined  and  merges  gradually  witli 
the  Lower  Colorado  Basin  as  the  elevation  be- 
comes lower.  This  latter  situation  is  well  illus- 
trated by  the  strong  element  of  southern  fauna 
that  enters  die  Upper  Basin  and  penetrates 
northward  in  varying  degrees. 

Within  the  confines  of  the  Upper  Basin  it- 
self certain  highlands  have  their  influence  upon 
the  distribution  of  its  desert  fauna.  Especially 
notable  among  these  are  the  Uinta  Mountains. 
the  Tavaputs  Plateau  and  the  Abajo  Moun- 
tains and  Sage  Plain  highlands,  all  of  which 
more  or  less  extend  across  the  Upper  Basin  in 
an  east-west  direction.  The  Green  and  Colorado 
Rivers  and  their  major  tributaries  are  at  the 
same  time  barriers  and  lanes  of  ingress  into  the 
Upper  Colorado  Basin.  Certain  mammals  and 
reptiles  seem  to  be  effectively  stopped  by  their 
wide  channels  and  deep  canyons  wliile  other 
land  vertebrates,  particularly  birds,  are  able  to 
penetrate  farther  into  the  Basin  owing  to  the 
relatively  low  base  level  of  their  streambeds  and 
the  favorable  water  supply  and  concomitant 
streamside  vegetative  cover  made  available 
through  an  othei^^vise  desert  land.  Furthennore, 
in  the  case  of  birds  the  principal  river  system 
seems  to  furnish  a  convenient  migratory  pas- 
sageway for  both  land  and  water  birds  through 
an  otherwise  inhospitable  land. 

In  the  present  report  it  wdll  be  necessary  to 
limit  our  remarks  on  the  faunal  relations  of  the 
land  vertebrates  of  the  Upper  Basin  to  relative- 
ly typical  examples,  and,  in  the  main,  to  con- 
fine our  observation  to  the  species  level.  It  is 
anticipated  that  in  future  pap»ers  on  the  several 
groups  of  animals  it  will  be  possible  to  deal 
with  the  faunal  relations  of  the  subspecies.  It 
should  be  further  pointed  out  once  more  that 
our  present  writing  is  concerned  \w\x\\  the  desert 
fauna  only  and  does  not  account  for  the  ani- 
mals of  the  somewhat  isolated  mountain  ranges 
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and  high  plateaus  of  the  area,  which  in  and  of 
themselves  present  an  interesting  and  complex 
problem. 

Elements  of  the  Bird  Fauna  of  the 
Upper  Colorado  Basin 

The  bird  fauna  of  the  Upper  Basin  may  be 
analyzed  from  a  nmnber  of  aspects.  Such  fac- 
tors as  winter  vs.  summer  resident  populations, 
transient  populations  and  their  routes  of  transi- 
tion, and  penetration  of  species  belonging  pri- 
marily to  surrounding  areas  into  the  Basin  all 
are  interesting  problems  and  add  to  the  com- 
plexity of  the  analysis.  It  is  not  proposed  at  this 
writing  to  consider  all  of  the  bird  species  known 
to  occur  in  the  Upper  Basin,  but  to  use  certain 
examples  which  serve  to  illustrate  the  several 
elements  that  enter  into  the  total  annual  picture 
of  the  avian  fauna. 
Summer  Resident  and  Breeding  Elements. 

1.  The  Cosmopolitan  Element.  This  is  the 
largest  element  of  the  summer  popula- 
tions and  includes  species  that  are  wide- 
spread in  Northern  Desert  communities, 
wherever  these  occur  in  the  west.  It  in- 
cludes two  groups;  namely,  those  species 
that  are  tridy  desert  or  prairie  such  as 
the  burrowing  owl,  poor-will.  Say's 
phoebe,  horned  lark,  piny  on  jay,  sage 
thrasher,  loggerhead  shrike,  vesper  spar- 
row, and  black-throated  sparrow,  and 
those  that  inhabit  streamside  groves  and 
thickets  such  as  the  mourning  dove, 
western  kingbird,  western  wood  pewee, 
house  wren,  catbird,  warbling  vireo,  yel- 
low warbler,  yellow-breasted  chat.  Brew- 
er's blackbird,  song  sparrow  and  a  great 
host  of  others. 

2.  The  Southern  Element.  This  includes  an 
interesting  group  of  species  that  are  more 
typically  southern  in  distribution  but 
penetrate  northward  in  the  Upper  Basin, 
apparently  along  the  warmer  water- 
ways. Typical  among  these  are  the  spot- 
ted owl,  Gambel's  quail,  mocking  bird, 
Cassin's  kingbird,  Bendire's  thrasher, 
Lucy's  warbler,  Grace's  warbler,  Scott's 
oriole,  and  the  blue  grosbeak. 

3.  The  Eastern  or  Great  Plains  Element.  A 
small  number  of  species  belonging  to  this 
element  enter  the  Upper  Basin,  especial- 
ly in  its  northern  part.  Their  breeding 
status  is  at  present  uncertain  although 
their  presence  during  the  breeding  sea- 
son would  indicate  that  they  will  even- 
tually be  found  nesting.  They  include 
the  redheaded  woodpecker,  brown 
thrasher,  red-eyed  vireo,  and  lark  bunt- 
ing. The  northern  redstart  and  Colum- 
bian sharp-tailed  grouse  may  also  be  in- 
cluded in  this  group  although  their  distri- 
bution is  in  general  more  northern  than 
eastern. 


4.  The  Transient  Element.  This  includes  a 
long  list  of  species  that  pass  through  the 
Upper  Basin  diu'ing  migration  and  breed 
in  more  northerly  areas  or  in  the  moun- 
tains within  and  adjacent  to  the  basin. 
These  birds  appear  to  follow  along  the 
main  water  courses  and  the  floodplain 
vegetation  associated  with  them.  The  list 
includes  almost  all  of  the  shorebirds 
known  to  migrate  through  the  inter- 
mountain  region  as  well  as  several 
species  of  waterbirds.  Certain  small  birds 
such  as  the  pileolated  warbler,  northern 
waterthrush,  Townsend's  warbler.  Nash- 
ville warbler,  orange-crowned  warbler, 
and  western  tanager  are  good  examples 
of  these  transients. 

5.  The  Winter  Element.  Aside  from  the 
pennanent  residents  of  the  Upper  Basin 
that  are  included  in  the  cosmopolitan 
element,  several  important  species  of 
birds  inhabit  the  area  only  during  the 
winter.  Belatively  less  is  known  about 
this  element.  Of  the  smaller  birds  the 
several  kinds  of  juncos  are  perhaps  the 
most  widespread  and  common  winter 
birds.  The  slate-colored,  Oregon,  and 
gray-headed  juncos  have  been  recoi'ded. 
Also  included  are  Harris'  sparrow, 
white-crowned  sparrow,  tree  sparrow, 
Lapland  longspur.  common  redpoll, 
snow  bunting  and  several  kinds  of  horn- 
ed larks. 

Elements  of  the  Mammal  Population 
of  the  Upper  Colorado  Basin 

Considering  the  mannnal  population  of  the 
deserts  of  the  Upper  Basin  on  the  species  level 
it  will  be  seen  that  there  are  several  faunal  ele- 
ments: 

1.  The  Cosmopolitan  Element.  This  in- 
cludes a  large  number  of  species  that  are 
common  to  Northern  Desert  Shrub  com- 
munities in  general  and  occur  through- 
out most  of  the  Upper  Basin.  These  in- 
clude such  common  species  as  the  deer 
mouse,  canyon  mouse,  pihon  mouse,  nor- 
thern grasshopper  mouse,  western  har- 
vest mouse.  Ord's  kangaroo  rat,  spotted 
skunk,  desert  cottontail  and  several 
kinds  of  bats.  Other  common  desert 
species  such  as  the  black-tailed  jack  rab- 
bit and  the  white-tailed  antelope  squir- 
rel are  also  widespread  although  not  re- 
corded for  the  northern  part  of  the  basin. 

2.  The  Sout/iern  Element.  The  absence  of 
effective  barriers  along  the  southern 
boundary  of  the  Upper  Basin  has  per- 
mitted the  extension  of  a  nimiber  of 
typically  southern  species  into  the  area. 
These  include  the  spotted  ground  squir- 
rel, rock  squirrel,  cliff  chipmunk  (south 
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and  west ) .  Botta's  pocket  gopher,  silky 
pocket  nioiise,  Apache  pocket  mouse 
(south  and  east),  rock  pocket  mouse, 
brush  mouse,  rock  mouse,  white-throated 
wood  rat,  Stephens'  wood  rat,  Mexican 
wood  rat,  and  ringtail. 

3.  The  (ireat  Basin  Element.  Although  the 
highlands  of  central  Utah  seem  to  bar 
several  typically  Great  Basin  species  of 
manmials  from  the  Upper  Basin,  three 
species  of  pocket  mice  are  found  in  that 
part  of  the  basin  west  of  the  Colorado 
and  Green  Rivers;  namely,  the  Great 
Basin  pocket  mouse,  little  pocket  mouse 
(mostly),  and  long-tailed  pocket  mouse. 

4.  The  Northern  and  Eastern  (ireat  Plains 
Elcnieut.  A  small  though  important  ele- 
ment of  the  Upper  Basin,  particidarly  in 
the  northern  part,  is  a  few  species  that 
are  typical  of  the  Great  Plains  areas  to 
the  east  and  north.  These  are  Richard- 
son's ground  squiiTel.  thirteen-lined 
ground  scjuirrel.  olive-backed  pocket 
mouse,  and  white-tailed  jack  rabbit. 

5.  The  Endemic  Element.  There  seem  to  be 
no  species  of  mammals  that  are  endemic 
in  the  Upper  Basin.  The  white-tailed 
prairie  dog  and  its  near  relative  Gun- 
nison's prairie  dog  seem  to  be  more  near- 
ly confined  to  the  Upper  Basin  than  any 
other  species  of  mammals. 

Elements  of  the  Amphibian  and  Reptile 
Populations  of  the  Upper  Basin 

1.  The  Cosmopolitan  Element.  The  species 
of  this  element  coinprise  the  larger  num- 
ber and  also  the  ones  found  more  com- 
monly throughout  the  entire  basin.  Such 
amphibians  as  the  Great  Basin  spadefoot. 
Rocky  Moimtain  toad  and  the  western 
leopard  frog  belong  to  this  element.  1  he 
following  reptile  species  also  belong 
here:  northern  side-blotched  lizard, 
northern  plateau  lizard,  sagebrush  li- 
zard, northern  whiptail,  desert  striped 
whipsnake.  Great  Basin  gopher  snake, 
and  midget  faded  rattlesnake. 

2.  Tlie  Sout/iern  Element.  Species  in  this 
group  are  those  which  have  a  typically 
southern  distribution  and  enter  the  Up- 
per Basin  primarily  in  the  lower  warmer 
habitats  near  the  channel  of  the  Colorado 
River.  Species  in  this  group  are  rather 
numerous  and  include  the  following: 
canyon  treefrog.  red-spotted  toad,  chuck- 
walla,  Utah  spiny  lizard,  soiUhern  desert 
horned  lizard,  desert  night  lizard,  black- 
necked  garter  snake,  Mojave  patch-nosed 
snake,  California  kingsnake,  and  Utah 
black-headed  snake. 

3.  The  Central  or  Great  Basin  Element.  Be- 
tween   the    Tavaputs    Plateau    and    the 


Uinta  Moimtains  and  extending  down 
on  the  eastern  and  western  edges  of  the 
basin  is  an  area  in  which  such  species 
as  the  Utah  tiger  salamander,  western 
chorus  frog,  mountain  short-horned  li- 
zard, western  blue  racer,  and  Utah  milk 
snake  are  more  commonly  found.  An 
examination  of  the  famia  of  this  area  in- 
dicates that  the  northern  cliff  uta  and 
the  Colorado  plateau  night  snake  occur 
in  both  the  southern  and  central  areas. 
4.  The  Northern  and  Western  Great  Plains 
Element.  North  of  the  Uinta  Mountains 
and  extending  on  to  the  head  waters  of 
the  Green  River  is  a  part  of  the  Upper 
Basin  which  has  a  small  but  distinct 
herpetological  faiuia.  Although  the  west- 
ern chorus  frog  is  an  important  species 
here  also,  other  species  such  as  the  boreal 
toad,  eastern  short-horned  lizard.  Rocky 
Mountain  rubber  boa  and  western 
smooth  green  snake  are  found  along  the 
streams  near  the  mountains  and  on  the 
highei-  benchlands. 

IX.     DISTRIBUTIONAU  BARRIERS  AND 
LANES  OF  DISPERSAL 

Considered  on  the  level  of  the  species,  the 
physical  features  that  may  serve  on  one  hand 
as  barriers  and  on  the  other  hand  as  lanes  of 
dispersal  are  most  evident  in  the  case  of  mam- 
mals and  reptiles.  The  high  plateaus  and  Wa- 
satch Mountains  of  central  Utah  seem  to  bar 
certain  Great  Basin  mannnals  and  reptiles  from 
the  Upper  Basin  deserts.  Typical  of  the  mam- 
mals are  the  chisel-toothed  kangaroo  rat,  the 
kit  fox.  and  the  pigmy  rabbit.  In  the  reptiles 
the  Great  Basin  fence  lizard  and  ^vestern  long- 
nosed  snake  are  seemingly  barred.  Ortain  other 
Great  Basin  species  are  able  to  surmount  the 
high  elevations  but  have  not,  in  the  main,  been 
able  to  cross  the  Green  and/or  Colorado  Rivers. 
Such  species  as  the  Great  Basin  pocket  mouse, 
little  pocket  mouse,  and  long-tailed  pocket 
mouse  are  good  examples.  Such  reptiles  as  the 
California  kingsnake  and  the  Mojave  patch- 
nosed  snake  are  also  good  examples.  (Conversely 
these  streams  and  their  deep  canyons  appear  to 
prevent  the  dispersal  of  certain  Colorado  Basin 
mammal  species  westward.  These  include  the 
Apache  pocket  mouse,  silky  pocket  mouse, 
Aberts'  squirrel,  and  white-throated  wood  rat. 

The  central  LTtah  highlands,  although  ef- 
fective barrier  for  most  reptile  forms,  have  at 
least  two  portals  which  permit  some,  though 
obviously  small,  population  interchange  be- 
tween the  Great  Basin  and  the  Upper  Basin. 
Perhaps  the  most  important  of  these  is  the  low 
pass  east  of  Kanab,  Kane  County.  LItah.  which 
extends  between  the  Kaibab  Plateau  and  the 
Vermillion  Cliffs.  To  the  north  the  low  pass  in 
Salina  Canyon,  Sevier  County,  Utah,  has  per- 
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mitted  the  northern  plateau  hzard  to  enter  the 
Great  Basin,  where  it  has  extended  its  range 
along  the  western  base  of  Wasatch  Plateau. 
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APPENDIX 

Checklist  of  Land  Vertebrates  of  the  Upper  Colorado 
River  Basin  Deserts,  Showing  their  Known  Distri- 
bution by  Provinces. 
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Western  blue  racer 
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Colo.  Plat. 
E  W 


Uinta  Mt. 
E  W 


Green  Riv. 


Solitary  vireo 

Vir'eo  solitai'iiis  o  , 

Red-eyed  vireo 

Vireo  oliraceus 

Warbling  vireo 

Vireo   gilrus  o  : 

Orange-crowned  warbler 

Vermirora  celala 

Nashville  warbler 

Vermivora  ruficapilla  o 

Virginia's  warbler 

Vermivora  virginiae  : 

Lucy's  warbler 

Vermivora.    luciae  o 

Yellow  warbler 

Dendroica   petechia  o 

Myrtle  w.arbler 

Dendroica  coronata 

Audubon's  warbler 

Dendroica  auduboni  o 

Black-throated  gray  warbler 

Dendroica  nigrescens  o 

Townsend's  warbler 

Dendroioa  townsendi  o 

Hermit  warbler 

Dendroica  occidentalis  o 

Grace's  warbler 

Dendroica  graciae  o 

Northern  waterthrush 

Seiurus  noveboracensis  o 

MacGillivray's  warbler 

Operornis   tolmiei  o 

Yellowthroat 

Geothlypis   trichas  o 

Yellow-breasted  chat 

Icteria  virens  o 

Wilson's  warbler 

Wilson-ia   pusilla  o 

American  redstart 

Setophaga  ruticiUa 

House  sparrow 

Passer  domesticus 

Bobolink 

DoUchonyx  oryzivorus  o 

Western  meadowlark 

SturneUa  neglecta  o 

Yellow-headed  blackbird 

X-anthocephalus  xanthocephalus  o 

Redwinged  blackbird 

Agelains  phoeniceus  o 

Scott's  oriole 

Icterus    parisorum  o 

Bullock's  oriole 

Icterus   buUockii 

Brewer's  blackbird 

Euphagus  cyanocephalus  o 

Brown-headed  cowbird 

Molothrus  ater 

Western  tanager 

Piranga  ludoviciana  o 

Black-headed  grosbeak 

Pheucticus  melanocephalus  o 

Blue  grosbeck 

Guiraca  caerulea 

Lazuli  bunting 

Passerina  amoena 

Evening  grosbeak 

Hesperiphona  vespertina 

Cassin's  finch 

Carpodacus  cassinii 

House  linch 

Carpodacus  7nexicanus  o 

Common  redpoll 

Acanthis  flammea 
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Pine  siskin 
Spinus  pinus 
American  goldflinch 
Spimis  tristis 
Lesser  goldfinch 
Spinus   psaltra 
Red  crossbill 
Loxia  curvirostra 
Green-tailed  towhee 
Chlorura  chlorura 
Rufous-sided  towhee 
Pipilo  erythrophthalmus 
Lark  bunting 
Calamospiza  melanocorys 
Savannah  sparrow 
Passerculus  sandwichensis 
Vesper  sparrow 
Pooecetes  gramineus 
Lark  sparrow 
Chondestes  grammacus 
Black-throated  sparrow 
Amphispiza  bilineata 
Sage  sparrow 
Amphispiza  belli 
Slate-colored  junco 
Junco  hyemalis 
Oregon  junco 
Junco  oreganus 
Gray-headed  junco 
Junco  caniceps 
Tree  sparrow 
Spizella  arborea 
Chipping  sparrow 
Spizella  passerina 
Brewer's  sparrow 
Spizella  breweri 
Harris'  sparrow 
Zonotrichia  quevula 
White-crowned  sparrow 
Zonotrichia  leucophrys 
Lincoln's  sparrow 
Melospiza  lincolnii 
Song  sparrow 
Melospiza  melodia 
Lapland  longspur 
Calcarius  lapponicus 
Snow  bunting 
Plectrophenax  nivalis 
MAMMALS 
Vagrant  shrew 
Sorex  vagrans 
Little  brown  myotis 
Myotis  lucifugus 
Yuma  myotis 
Myotis  yumanensis 
Long-eared  myotis 
Myotis  evotis 
Fringed  myotis 
Myotis  thysanodes 
Long-legged  myotis 
Myotis  I'o/cms 
California  myotis 
Myotis  californicus 
Small-footed  myotis 
Myotis  subulatus 
Silver-haired  bat 
Lasionycteris  noctivagans 
Western  pipistrelle 
Pipistrellus  hesperus 
Big  brown  bat 
Eptesicus  fuscus 
Red  bat 

Lasiurus  borealis 
Hoary  bat 
Lasiurus  cinereus 
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Colo.  Plat. 
E  W 


Uinta  Mt. 
E  W 


Green  Riv. 


Spotted  bat 

Eudernut  maculatiun 
Big-eared  bat 
Corynorhinus  rafinesqiiii 
Pallid  bat 
Antrozous   paUidus 
Free-tailed  bat 
Tadarida  mexicana 
Nuttall's  cottontail 
Sylvilagus  n}(ttuIHi 
Desert  cottontail 
Sylvilagus  auditbonii 
White-tailed  jacii  rabbit 
Lepus   townsendii 
Blacit-tailed  jacPc  rabbit 
Lepus  californicus 
Least  chipmunk 
Eutamias   minimus 
Cliff  chipmunk 
Eutamias  dorsalis 
Colorado  chipmunk 
Eut-amias  quadrivittatus 
White-tailed  antelope  squirrel 
Citellus  leucurus 
Richardson's  ground  squirrel 
Citellus  richardsonii 
Uinta  ground  squirrel 
Citellus  armatus 
Thirteen-lined  ground  squirrel 
Citellus  tridecemlineatus 
Spotted  ground  squirrel 
Citellus  spilosoma 
Rock  squirrel 
Citellus  variegatus 
Golden-mantled  ground  squirrel 
Citellus   lateralis 
White-tailed  prairie  dog 
Cynomys    leucurus 
Gunnison's  prairie  dog 
Cynomys  gunnisoni 
Abert's  squirrel 
Sciurus  aberti 
Red  squirrel 

Tamiasciurus  h  udsonicus 
Botta's  pocket  gopher 
Thomomys  bottae 
Northern  pocket  gopher 
Thomomys  talpoides 
Olive-backed  pocket  mouse 
Perognathus  fasciatus 
Silky  pocket  mouse 
Perognathus  flavus 
Little  pocket  mouse 
Perognathus  longimembris 
Apache  pocket  mouse 
Perognathus  apache 
Great  Basin  pocket  mouse 
Perognathus  jKtrvus 
Long-tailed  pocket  mouse 
Perognathus  formosus 
Rock  pocket  mouse 
Perognathus  interviedius 
Ord's  kangaroo  rat 
Dipodomys  ordii 
Beaver 

Castor  canado'sis 
Western  harvest  mouse 
Reith rodontomys  megalotis 
Canyon  mouse 
Peromyscus    crinitus 
Deer  mouse 

Peromyscus  maniculatus 
Brush  mouse 
Peromyscus  boylii 
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Pinon  mouse 

Peroniyscus  truei  o  x       o  x  x        o  o 

Rock  mouse 

Peroniyscus  nasutus  o 

No.  grasshopper  mouse 

Onychomys   leucogaster  o  x       o  x  x        o  x 

White-throated  wood  rat 

Neotoma   albigula  o  x 

Deseret  wood  rat 

Neotoma  stephensi  x 

Mexican  wood  rat 

Neotoma  mexioana 

Bushy-tailed  wood  rat 

Neotoma  cinerea  ox        ox  x        ox  o 

Montane  vole 

Microtus  montanus  x  x  x 

Sagebrush  vole 

Lagurus  curtatus  o  o  o 

Norway  rat 

Rattus  norvegicus  x 

House  mouse 

Mus  m,usculus  x  o 

Western  jumping  mouse 

Zapus  princeps  x 

Porcupine 

Erethieon  dorsatum  o  x  x  x  x  x 

Coyote 

Canis  latrans  o  o  x        o  o  o 

Red  fox 

Vulpes  fulva  o  o 

Gray  fox 

Urocyon  cinereoargenteus  o  o  x        o  o 

Ringtail 

Bassariscus  astutus  o  o  o  o 

Ermine 

Mustela  erminea  x 

Long-tailed  weasel 

Mustela  frenata  ox  x 

Black-footed  ferret 

Mustela  nigripes  o 

Badger 

Taxidea  taxus  o  x 

Mink 

Mustela  vison  o  o  o  o 

Western  spotted  skunk 

Spilogale  gracilis  o 

Striped  skunk 

Mephitis  mephitis  o  o  o 

River  otter 

Lutra  canadensis  o 

Mountain  lion 

Felis   concolor  o  x        o  o  o 

Bobcat 

Lynx  rufus  o  o  x  x  x  x 

Wapiti 

Cervus  canadensis  o  coo 

Pronghorn 

Antilocapra  americana  ox  x 

Bison 

Bison  bison  o 

Mountain  sheep 

Ovis  canadensis  o  o 

Mule  deer 

Odocoileus  hemionus  ox       ox        ox        ox  ox 
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TICKS  OF  THE  GENUS  IXODES  IN  UTAH 

by 

Dorald  M.  Allred,  D  Elden  Beck, 
Leland  D.  White 


INTRODUCTION 

It  is  known  that  ticks  of  some  species  of 
the  genus  Ixodes  are  vectors  of  organisms  path- 
ogenic to  man  and  his  domestic  animals  in 
certain  parts  of  the  world  and  in  North  Ameri- 
ca (Philip  1939;  Belding  1952;  Anastos  1957). 
The  vector  potentiality  of  most  known  species 
is  far  from  complete,  and  the  same  can  be  said 
for  information  on  host-parasite  relationships, 
life  history,  and  other  aspects  of  their  ecology. 
Much  work  has  been  done  concerning  the 
taxonomy  of  the  adults,  and  to  a  limited  ex- 
tent the  n;ymphal  stages  have  been  studied. 
With  most  species,  however,  it  is  difficult  to 
specifically  identify  the  larval  stage  because 
the  morphological  and  anatomical  characteris- 
tics have  not  been  studied  sufficiently  to  make 
taxonomic  separation  possible. 

Several  thousand  specimens  of  ticks  have 
been  collected  in  Utah  by  staff  members  and 
students  of  the  Brigham  Young  University 
Zoology  Department  during  the  past  10  years. 
Many  hundreds  of  these  are  of  the  genus  Ixodes, 
representing  all  stages  in  their  life  history. 
It  was  felt  that  if  the  larval  stages  could  be 
accurately  identified,  additional  information  re- 
corded in  the  field  records  for  distribution,  host 
relationships,  seasonal  occurrence  and  popula- 
tion index  for  all  stages  would: 

1.  Contribute  to  a  better  understanding 
of  taxonomy,  life  history,  and  season- 
al occurrence. 

2.  Supplement  information  to  better  in- 
terpret vector-pathogen  associations 
when  such  conditions  are  determined. 

3.  Assist  in  the  interpretation  of  the 
phenomenon  of  maintenance  of  res- 
ervoirs of  infection  for  pathogenic 
organisms  in  nature. 

The  study  of  the  collections  of  ticks  of  the 
genus  Ixodes  made  by  Brigham  Young  Uni- 
versity and  some  ticks  obtained  by  loan  form 
the  basis  of  this  publication.  Primary  emphasis 
has  been  given  to  larval  taxonomy  and  sec- 
ondarily to  biological  factors  of  ecological  im- 
portance for  the  nine  species  of  ticks  of  the 
genus  Ixodes  known  to  occur  in  Utah.  These 
are  angustus,  kingi,  marmotae,  maris,  ochoto- 
nae,  pacificus,  sculptus,  spinipalpis  and  texanus. 

The  taxonomy  and  biology  of  the  larval 
ticks  of  the  above  species  have  received  little 
attention  from  previous  workers.  Nuttall 
et  al.  (1911)  constructed  a  key  to  the  larvae 
of  eleven  species  of  Ixodes  of  which  only  angus- 
tus is  known  to  occur  in  Utah.   Hooker  et  al. 


(1912)  gave  a  description  for  the  larva  of 
kingi,  but  the  description  was  brief  and  of  little 
taxonomic  value.  Clifford  (1958)  has  given  a 
comprehensive  discussion  of,  and  constructed  a 
key  to,  Ixodes  larvae  of  the  southeastern  United 
States.  Of  these,  only  two  species,  texanus  and 
muris,  are  known  to  occur  in  Utah  Edmunds 
(1951 )  listed  collection  records  for  eight  species, 
one  of  which  is  diversifossus,  a  record  of  ques- 
tionable validity.  Beck  (1955)  listed  additional 
notes  on  host  relationships  for  texanus,  spinipal- 
pis and  pacificus,  and  Kohls  (1952)  reported  the 
presence  of  muris  from  muskrats  in  Utah. 

There  have  been  few  other  papers  published 
on  Utah  ticks  which  deal  with  their  taxonomy 
and  biology.  The  study  of  the  genus  Ixodes  by 
Cooley  and  Kohls  (1945)  is  at  present  the  most 
comprehensive  publication  dealing  with  these 
investigations. 

The  purpose  of  our  study  was  twofold:  (1) 
To  make  a  morphological  and  anatomical  an- 
alysis to  determine  which  characteristics  may 
be  used  for  taxonomic  separation  of  the  larvae 
of  species  known  to  occur  in  Utah,  and  (2)  to 
determine  the  biology  of  each  species  collected 
in  Utah.  The  data  on  the  biology  of  the  several 
species  were  derived  from  field  collection  rec- 
ords supplemented  by  similar  information  taken 
from  the  literature. 

Larvae  of  five  of  the  species  used  for  mor- 
phological and  anatomical  analysis  were  reared 
from  identified  females  in  the  laboratory.  Lar- 
vae from  the  other  four  species  were  identified 
on  the  basis  of  their  presence  with  identifiable 
nymphs  and  adults. 

All  larval  ticks  were  cleared,  mounted  on 
microslides,  and  examined  with  phase  micro- 
scopy, and  drawings  were  made  to  scale  using 
a  net  reticule  The  terminology  and  chaetotaxy 
follow  Clifford  (1958)  and  Cooley  and  Kohls 
(1945)  except  for  the  terms  posterolateral  ex- 
tension, median  auricula  and  lateral  auricula 
which  are  original  (Figures  1,  2,  and  3).  The 
measurements  of  the  following  structures  are 
in  microns  and  were  taken  as  follows: 

Scutum:  The  length  was  determined  as 
the  distance  from  the  flattened  anterior  bor- 
der to  the  posterior  border.  The  width  was 
measured  at  the  area  of  the  greatest  v\adth. 

Palpus:  The  length  was  measured  from 
the  base  of  article  two  to  the  distal  end  of 
the  palpus.  The  width  was  measured  at 
the  junction  of  articles  two  and  three.  The 
width  of  article  two  was  measured  at  its 
base. 


Fig.  1 


Fig.  2 


Fig.  3 


CH; 

CHHX13tAL  SHEATH 

P: 

PALP 

BO: 

BASIS  CAPrruLi  (dorsal) 

PLE: 

POSTEROLATERAL  EXTENSION 

CO: 

CORNU 

SC: 

SCUTUM 

SCl: 

SCUTAL  SETA  ONE 

SCJ: 

SCUTAL  SETA  TWO 

SO: 

SCLTAL  SETA  TMREE 

SC4: 

SCLTTALSETA   FOUR 

SC5 

SCLTAL  SETA  RVE 

MDl 

MARGINAL  DORSAL  SETA  ONE 

MD2: 

MARGINAL  CXJRSAL  SETA  TWO 

MD5 

MARGINAL  DORSAL  SETA  THREE 

MCM 

MARGINAL  DORSAL  SETA   FOUR 

MD5 

MARGINAL  Dt)RSAL  SETA   FIVE 

MDU 

MARGINAL  DORSAL  SETA  SIX 

MD7 

MARGINAL  DORSAL  SETA  SEVEN 

MDS 

MARGINAL  DORSAL  SETA  EIGHT 

SU: 

SUPPLEMENTARY  SETA 

CDl: 

CENTRAL  DORSAL  SETA  ONE 

CD2: 

CENTRAL  DORSAL  SETA  TWO 

PAl: 

PALPAL  ARTICU;  ONE 

PAJ: 

PALPAL  ARTICLE  TWO 

PA5: 

PALPAL  ARTICLE  THREE 

PM 

PALP  \L  ARTICLE   FOUR 

m 

HYPOSTOME 

Fl: 

FILES  ONE 

F2 

FILES  TWO 

FJ: 

FILES  THREE 

PH: 

POSTHYPOSTOMAL  SETA 

MA 

MEDIAL  AURICULA 

ASA: 

ANTERIOR  SPUR  ARTICLE  ONE 

PSA, 

POSTERIOR  SPUR  ARTICLE  ONE 

BV: 

BASIS  CAPITULI  (VENTRAL! 

LA: 

LATERAL  AURICL!LA 

CXI: 

COXA  ONE 

CX2: 

COXA  TWO 

CX5: 

COX.\  THREE 

CXS: 

COXAL  SETA 

EXS 

EXTERNAL  SPUR 

INS 

INTERN.M.  SPL'R 

SL\: 

SPUR  LIKE  APODEME 

STi 

STERNAL  SETA   ONE 

ST2 

STERNAL  SETA  TWO 

STy 

STERNAL  SETA  THREE 

PMi 

PRE  MARGINAL  SETA   ONE 

PM!: 

PRE  MARGINAL  SETA   TWO 

PM5: 

PRE  MARGINAL  SETA    THREE 

pim 

PRE  MARGINAL  SETA    FOUR 

MVl: 

MARGINAL  VENTRAL  SETA  ONE 

MV2 

MARGINAL  VENTRAL  SETA  TWO 

MV? 

MARGINAL  \ENTKAL  SETA   THREE 

MV< 

MARGINAL  VENTRAL  SETA    FOUR 

Pl 

PRE  ANAL  SHTA  ONE 

P2 

PRE  ANAL  SETA  TWO 

A: 

ANUS 

AS: 

ANAL  SETA 

AC: 

ANAL  GROOVE 
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Hypostome:  The  length  was  determined 

from  the  tip  to  the  curvature  at  the  base. 

The  width  was  taken  at  the  widest  point. 
Seta:   The    length    did    not    include    the 

basal  collar. 

In  order  to  determine  the  biology  and  host 
relationships  of  ixodid  ticks  and  other  ectopar- 
asites in  Utah,  the  Department  of  Zoology  and 
Entomology  of  Brigham  Young  University  in- 
itiated a  systematic  survey  to  determine  rela- 
tionships of  parasitic  arthropods  and  their  verte- 
brate hosts.  This  survey,  initially  called  Project 
10,  was  begun  in  April  of  1949  by  D-  Elden 
Beck,  Dorald  M.  Allred,  Vernon  J.  Tipton  and 
Dale  Rupert  with  Beck  as  the  project  director. 
Subsequent  to  the  beginning  date  other  faculty 
members  and  students  have  participated  in  the 
project.  Although  primary  concern  has  been 
given  to  the  rodents,  collections  have  been  made 
from  other  mammals,  birds,  reptiles,  and  nests 
of  tliese  animals  as  they  were  available. 

In  the  following  listings  the  numbers  fol- 
lowing the  scientific  names  of  the  hosts  desig- 
nate the  numbers  of  animals  collected  on  this 
project,  and  the  letters  indicate  whether  fleas 
(F),  lice  (L),  mites  (M)  and  ticks  (T)  were 
found.  Numbers  and  letters  in  parentheses  re- 
fer to  nests  of  animals.  In  many  cases  the 
designation  of  specific  groups  of  ectoparasites 
is  based  on  tentative  field  identifications  and 
awaits  laboratory  corroboration.  Although  most 
of  the  collections  are  from  Utah,  a  few  hosts 
from  other  states  are  included.  The  listing  of 
the  mammals  is  adapted  from  Durrant  (1952) 
and  Hall  (1957),  the  reptiles  from  Schmidt 
(1953),  and  the  birds  from  the  American 
Ornithologist's  Union  check-list  (1957).  For 
convenience,  some  families  and  genera  are 
arranged  alphabetically  and  are  therefore  not 
in  phylogenetic  order.  Most  of  the  figures  rep- 
resent only  those  animals  actually  killed  and 
examined  for  ectoparasites  by  personnel  associ- 
ated with  this  project.  Many  porcupines,  jack 
rabbits,  badgers,  marmots,  large  herbivores  and 
carnivores  killed  by  sportsmen  and  automobiles 
were  examined.  Such  animal  records  were  not 
entered  as  a  systematic  part  of  our  project  un- 
less ectoparasites  were  found. 

Class  Reptilia 

Order  Squamata 

Family  Anguidae 

Gerrhonotus  kingi  ssp.  1 :  M 
Arizona  Alligator  Lizard 
Family  Iguanidae 

Cnemidophorus  sp.  1 :  M 

Racerunner 
Crotaphytus  collar  is  auriceps  12:  M 
Yellow-headed  Collared  Lizard 

Crotaphytus  collaris  baileyi  4:  M 
Western  Collared  Lizard 


Crotaphytus  wislizeni  wislizeni  3:  M 

Long-nosed  Leopard  Lizard 
Phrynosoma  cornutum  1 :  M 

Texas  Horned  Lizard 
Sceloperus  graciosus  graciosus  46;  M 

Great  Basin  Sagebrush  Lizard 
Sceloperus  undulatus  consobrinus  2:   M 

Southern  Prairie  Lizard 
Sceloperus  undulatus  virgatus  1 :  M 

Striped  Plateau  Lizard 
Sceloperus  sp.  1 :  MT 

Spiny  Lizard 
Uta  stansburiana  stansburiana  1 :  M 

Northern  Side-blotched  Lizard 
Family  Scincidae 

Eurneces  skiltonianus  1 :  M 

Western  Skink 

Order  Serpentes 

Family  Colubridae 

Pituophis  catenifer  deserticola  1 :  M 
Great  Basin  Gopher  Snake 

Class  Aves 

Order  Podicipediformes 

Family  Podicipedidae 
Podiceps  sp.  ( 1 ) 
Grebe 

Order  Ciconiiformes 
Family  Ardeidae 
Ardea  herodias  4 

Great  Blue  Heron 
Family  Threskiornithidae 
Plegadis  falcinellus  1 :  L 
White-faced  Ibis 

Order  Anseriformes 
Family  Anatidae 

Anas  platyrhynchos  5  ( 1 ) :  L  (M) 

Mallard  Duck 
Branta  canadensis  1 :  L 
Canada  Goose 

Order  Falconiformes 
Family  Accipitridae 
Accipiter  cooperii  1 
Cooper's  Hawk 
Family  Falconidae 

Falco  sparverius  2;  L 
Sparrow  Hawk 

Order  Galliformes 
Family  Phasianidae 

Lophortyx  californicus  (1):    (M) 
California  Quail 

Order  Gruiformes 
Family  Rallidae 

Fulica  aniericana  1 :  L 
American  Coot 

Order  Charadriiformes 
Family  Charadriidae 
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Charadrius  vocijerus  3;  L 
Killdeer 
Family  Laridae 

Larus  delnii  'arensis  1 ;  L 
Ring-billed  Gull 

Order  Columbiformes 
Family  Columbidae 
Columba  livia  1:  L 

Domestic  Pigeon 
Zenaidura  macroura  1 :  M 
Mourning  Dove 

Order  Strigiformes 
Family  Strigidae 

Asio  flammeus  2  (1):  L  (FM) 

Short-eared  Owl 
Bubo  virginianus  3  ( 1 ) :  L  (FM) 
Great  Horned  Owl 

Order  Piciformes 
Family  Picidae 

Colaptes  cafer  6  ( 1 ) :  L 
Red-shafted  Flicker 
Colaptes  sp.  2;  LM 

Woodpecker 
Dendrocopos  pubescens  1 
Downy  Woodpecker 

Order  Passeriformes 
Family  Alaudidae 

Erernophila  alpestris  2:  M 
Horned  Lark 
Family  Cinclidae 
Cinclus  1 :  F  L  M 
Dipper 
Family  Corvidae 

Aphelocoma  coerulescens  2:  L 

Scrub  Jay 
Corvus  brachyrhynchos  4;  L 

Common  Crow 
Corvus  corax  ( 1 ) 

Common  Raven 
Cyanocitta  stelleri  2 :  L  M 

Steller's  Jay 
Pica  pica  1  ( 5 ) :  L 

Black-billed  Magpie 
Family  Fringillidae 

Calcarius  lapponicus  1 
Lapland  Longspur 
Carpodacus  mexicanus  ( 5 ) :  ( M ) 

House  Finch 
Chlorura  chlorura  4:  LT 
Green-tailed  Towhee 
Junco  caniceps  1 :  L 

Gray-headed  Junco 
Leucosticte  tephrocotis  1 

Gray-crowned  Rosy  Finch 
Mclospiza  melodia  ( 1 ) ;  (M) 

Song  Sparrow 
Pheucticus  melanocephalus  (1):  (M) 

Black-headed  Grosbeak 
Pipilo  erythrophthaJmus  1 :  T 

Rufous-sided  Towhee 
Pooecetes  gramineus  1 :  L 
Vesper  Sparrow 


Spinas  tristis  1 

American  Goldfinch 
Spizella  breweri  1 :  L 

Brewer's  Sparrow 
Spizella  passerina  i  (1):  L  (M) 

Chipping  Sparrow 
Zonotrichia  leucophrys  1 

White-crowned  Sparrow 
Family  Hirxmdinidae 

Petrochelidon  pyrrhonota  1    (72):   FM 
(FMT) 

Cliff  Swallow 
Family  Icteridae 

Agelaius  phoeniceus  3 :  L  M 

Red-winged  Blackbird 
Euphagus  cyanocephalus  (6):   (M) 

Brewer's  Blackbird 
Molothrus  sp.  1 

Cowbird 
Family  Laniidae 

Lanius  excubitor  1 :  L 

Northern  Shrike 
Family  Paridae 
Parus  gambeli  1 

Mountain  Chicadee 
Family  Parulidae 

Dendroica  petechia  ( 1 ) :   (M) 

Yellow  Warbler 
Icteria  virens  {\):  (M) 

Yellow-breasted  Chat 
Family  Ploceidae 

Passer  domesticus  1  (1 ) :  M  (M) 

English  Sparrow 
Family  Stvn-nidae 

Sturnus  vulgaris  1 :  L 

Starling 
Family  Troglodytidae 

Telmatodytes  palustris  (1):   (M) 

Long-billed  Marsh  Wren 
Family  Turdidae 

Hylocichla  rruistetina  1 :  F 

Hermit  Thrush 
Sialia  rnexicana  2:  M 

Bluebird 
Tardus  migratorius  {6):   (M) 

Robin 
Family  Tyrannidae 
Empidonax  sp.  1 :  M 

Flycatcher 
Myiachus  cinerascens  1 :  M 

Ash-throated  Flycatcher 
Sayornis  sp.  1 :  L 

Phoebe 

Class  Mammalia 

Order  Insectivora 
Family  Molossidae 

Tadarida  rnexicana  1 :  T 
Mexican  Free-tailed  Bat 
Family  Soricidae 

Sorex  obscurus  obscurus  4:  M 
Duskv  Shrew 
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Sorex  palustris  navigator  1 ;  M 

Water  Shrew 
Sorex  vagrans  monticola  2:  FT 

Vagrant  Shrew 
Sorex  sp.  2 

Shrew- 
Family  Vespertilionidae 

Corynorhinus  rajinesquii  paUescens  2:  M 

Rafinesque's  Big-eared  Bat 
Myotis  californicus  stephensi  645:  F  L  M 

CaUfornia  Myotis 
Pipistrellus  Hesperus  hesperus  3:  M  T 

Western  Pipistrelle 

Order  Lagomorpha 
Family  Leporidae 

Lepus  americanus  bairdii  1 :  T 

Snow'shoe  Rabbit 
Lepus  californicus  ssp.  404:  F  L  M  T 

Black-tailed  Jack  Rabbit 
Lepus  townsendii  townsendii  13:  FT 

White-tailed  Jack  Rabbit 
Oryctolagus  cuniculus  ssp.  2:  FL 

Domestic  Rabbit 
Sylvilagus  audubonii  ssp.  29:  F  L  M  T 

Desert  Cottontail 
Sylvilagus  idahoensis  2:  F  T 

Pygmy  Rabbit 
Sylvilagus  nuttallii  ssp.  19:  F  M  T 

Nuttall's  Cottontail 
Sylvilagus  sp.  57:  F  M  T 

Cottontail 

Order  Rodentia 
Family  Castoridae 

Castor  canadensis  ssp.  4(1) 

Beaver 
Famil)'  Cricetidae 

Clethrionomys  gapperi  uintaensis  26: 
FLMT 

Capper's  Red-backed  Mouse 
Lagurus  curtatus  ssp.  1 :  M 

Sagebrush  Vole 
Microtus  longicaudus  ssp.  43:  FLMT 

Long-tailed  Vole 
Microtus  rnexicanus  navaho  I :  M 

Mexican  Vole 
Microtus  montanus  ssp.  55  (4) :  FLMT 
(M) 

Montane  Vole 
Microtus  pennsylvanicus  modestus  3:   L  M 

Meadow  Vole 
Microtus  sp.  95  (5):  F  L  M  T  (L  M) 

Vole 
Neotoma  albigula  ssp.  2:  F 

White-throated  Wood  Rat 
Neotoma  cinerea  ssp.  29  (50):  FLMT 
(F  M) 

Bushy-tailed  Wood  Rat 
Neotoma  lepida  ssp.  136  (194):  FLMT 

(FLMT) 

Desert  Wood  Rat 
Neotoma  mexicana  inopinata  1 :  F 

Mexican  Wood  Rat 


Neotoma  stephensi  relicta  2:  F  M 

Stephens'  Wood  Rat 
Neotoma  sp.  9  (5):  F  L  M  T  (M  T) 

Wood  Rat 
Ondatra  zibet hicus  ssj).  5:  L  M 

Muskrat 
Onychomys  leucogaster  ssp.  29:  FLMT 

Northern  Grasshopper  Mouse 
Onychomys  torridus  longicaudus  4:  FLMT 

Southern  Grasshopper  Mouse 
Onychomys  sp.  8:  F  L  M 

Grasshopper  Mouse 
Phenacomys  intermedius  intermedins  2: 
F  L  M 

Heather  Vole 
Peromyscus  boy  Hi  ssp.  12:  F  L  M 

Brush  Mouse 
Peromyscus  crinitus  ssp.  118:  FLMT 

Canyon  Mouse 
Peromyscus  eremicus  eremicus  198   (2): 
FLMT(M) 

Cactus  Mouse 
Peromyscus  maniculatus  ssp.   2814    (7): 
FLMT  (FLMT) 

Deer  Mouse 
Peromyscus  truei  ssp.  150:  F  L  M  T 

Pinon  Mouse 
Peromyscus  sp.  19  (1) :  F  L  M  T  (F  M) 

WTiite-footed  Mouse 
Reithrodontomys  megalotis  ssp.  122   (1): 
FLMT  (M)  ■ 

Western  Harvest  Mouse 
Family  Erethizontidae 

Erethizon  dorsatum  ssp.  28  (1):  F  L  T  (M) 

Porcupine 
Family  Geomyidae 

Thomomys  bottae  ssp.  72:  FLMT 

Botta's  Pocket  Gopher 
Thomomys  talpoides  ssp.  143:    FLMT 

Northern  Pocket  Gopher 
Thomomys  sp.  10:  F  L  M  T 

Pocket  Gopher 
Family  Heteromyidae 

Dipodomys  deserti  deserti  7:  FLMT 

Desert  Kangaroo  Rat 
Dipodomys  merriami  ssp.  130:  FLMT 

Merriam's  Kangaroo  Rat 
Dipodomys  microps  ssp.  84  ( 1 ) :  F  L  M  T 
(F  M) 

Chisel-toothed  Kangaroo  Rat 
Dipodomys  ordii  ssp.  791  (2) :  F  L  M  T  (M) 

Ord's  Kangaroo  Rat 
Dipodomys  sp.  8:  LT 

Kangaroo  Rat 
Microdipodops  megacephalus  ssp.  3:  T 

Dark  Kangaroo  Mouse 
Perognathus  apache  ssp.  12:  L  M 

Apache  Pocket  Mouse 
Perognathus  formosus  ssp.  95:  FLMT 

Long-tailed  Pocket  Alouse 
Perognathus  intermedius  crinitus  1 

Rock  Pocket  Mouse 


Brigham  Young  University  Science  Bulletin 


Perogrmthus  tongimembris  ssp.  72:  F  L  M  T 

Little  Pocket  Mouse 
Perognathus  parvus  ssp.  215:  F  L  M  T 

Great  Basin  Pocket  Mouse 
Perognathus  sp.  56:  F  L  M  T 

Pocket  Mouse 

Family  Muridae 

Mus  musculus  ssp.  23  (6):  L  M  (F  L  M) 

House  Mouse 
Rattus  norvegicus  norvegicus  151   (6): 
FLMT  (FM) 

Norway  Rat 
Rattus  rattus  alexandrinus  9:  F  L  M 

Black  Rat 

Family  Sciuridae 

Ammospermophilus  leucurus  ssp.   106   (1): 
FLMT  (F) 

White-tailed  Antelope  Squirrel 
Cynomys  gunnisoni  zuniensis  1 :  F 

Gunnison's  Prairie  Dog 
Cyrtomys  leucurus  11   (4):  FLMT 
(F  M  T) 

White-tailed  Prairie  Dog 
Cynomys  parvidens  2:  F  M  T 

Utah  Prairie  Dog 
Cynomys  sp.  2: :  F  L  M  T 

Prairie  Dog 
Eutamias  dorsalis  utahensis  24:  FLMT 

Cliff  Chipmunk 
Eutamias  minimus  ssp.  Ill:  FLMT 

Least  Chipmunk 
Eutamias  quadrivittatus  ssp.  81:  FLMT 

Colorado  Chipmunk 
Eutamias  s^i.^X:  FLMT 

Chipmunk 
Glaucomys  sabrinus  lucifugus  4:   FLMT 

Northern  Flying  SquiiTel 
Marmota  flaviventer  ssp.  42:  FLMT 

Yellow-bellied  Marmot 
Sciurus  aberti  navajo  1 :  F  M  T 

Abert's  Squirrel 
Spermophilus  armatus  234:   FLMT 

Uinta  Ground  Squirrel 
Spermophilus  beldingi  crebrus  4:  F  T 

Belding's  Ground  Squirrel 
Spermophilus  lateralis  ssp.  117:  FLMT 

Golden-mantled  Ground  Squirrel 
Spermophilus  richardsonii  ssp.  7:  FLMT 

Richardson's  Ground  Squirrel 
Spermophilus    spilosoma    cryptospilotus    2: 
F  T 

Spotted  Ground  Squirrel 
Spermophilus  townsendii  mollis  8:  FLMT 

Townsend's  Ground  Squirrel 
Spermophilus  tridecemlineatus  parvus  5: 
FLMT 

Thirteen-lined  Ground  Squirrel 


Spermophilus  variegatus  ssp.  55:   FLMT 

Rock  Squirrel 
Tamiasciurus  hudsonicus  ssp.  40  (6): 
FLMT  (FM) 

Red  Squirrel 
Family  Zapodidae 

Zapus  princeps  ssp.  72:  FLMT 

Western  Jumping  Mouse 

Order  Carnivora 

Family  Canidae 

Canis  jamiliaris  ssp.  5:  LT 

Domestic  Dog 
Urocyon  cinereoargenteus  scottii  1 :  T 

Gray  Fox 
Vulpes  macrotis  nevadensis  3:  F  T 

Kit  Fox 

Family  Cervidae 

Cervus  canadensis  nelsoni  1 :  T 

Wapiti 
Dama  hemionus  hemionus  8:  L  T 
Mule  Deer 

Family  Felidae 

Felis  catus  ssp.  2:  F 

Domestic  Cat 
Lynx  rufus  ssp.  6:  F  T 
Bobcat 

Family  Mustelidae 
Martes  sp.  1 :  F  T 

Marten 
Mephitis  mephitis  ssp.  1 :  T 

Striped  Skunk 
Mustela  erminea  muricus  1 

Ermine 
Mustela  frenata  nevadensis  9:  FLMT 

Long-tailed  Weasel 
Mustela  vison  energumenos  2:  T 

Mink 
Spilogale  gracilis  ssp.  10;  FLMT 

Western  Spotted  Skvink 
Taxidea  taxus  ssp.  6;  L  T 

Badger 

Family  Procyonidae 

Procyon  lotor  pallidas  1 :  F 
Raccoon 

Order  Perissodactyla 

Family  Equidae 

Equus  caballus  ssp.  5 
Horse 

Order  Artiodactyla 

Family  Bovidae 

Ovis  dalli  ssp.  2:  T 
Domestic  Sheep 

Family  Suidae 

Sus  scroja  ssp.  1 :  L 
Domestic  Pig 


Biological  Series  Vol.  1,  No.  4,  January,  1960 


LARVAL  TAXONOMY  AND  SPECIES 
BIOLOGY 

Each  of  the  nine  Utah  species  is  discussed 
separately.  A  detailed  morphological  and  ana- 
tomical analysis  of  the  larval  stage  is  first 
S)resented,  followed  by  the  biological  and  eco- 
ogical  factors  of  host  preference,  seasonal  activ- 
ity, habits  of  infestation,  and  geographical  and 
ecological  distribution.  Following  the  biology, 
specific  collection  records  for  Utah  are  listed. 
All  collections  were  made  by  Brighani  Young 
University  except  as  noted  by  the  literature 
references,  or  by  Rocky  Mountain  Laboratory 
(RML),  or  Richard  M.  Hansen   (RMH). 

Ixodes  angustus  Neumann.  1899 
(Figs.  4,  5,  6,  54) 

Description  of  the  Larva 

Specimens  examined.  Twenty-one  speci- 
mens were  analyzed,  all  of  which  were  collected 
from  a  canyon  mouse,  Peromyscus  crinitus,  at 
Wild  Mountain.  Uintah  County,  Utah. 

Hypostome.  The  width  varies  from  29  to 
44,  with  34  to  36  as  the  most  common.  The 
length  varies  from  270  to  328  with  variations 


Fig.  4 


Fig.  5 


equally  dispersed  and  showing  an  average  of 
297.  The  hypostome  is  widest  at  mid-point  with 
a  moderately  rounded  apex.  The  basal  width 
is  approximately  one-half  that  of  the  maximum 
width.  The  denticles  moderately  overlap,  they 
are  rounded  and  coarse.  The  files  are  arranged 
2/2  for  three-fourths  of  the  hypostomal  length. 
Only  one  or  two  denticles  appear  in  file  three. 
Files  one  and  two  usually  possess  eight  and  six 
denticles,  respectively,  although  sometimes 
there  is  one  tooth  more  or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  48  to  60.  with  54  to  60  as  the  most  com- 
mon. The  length  from  the  base  of  article  two 
to  the  tip  of  article  three  varies  from  92  to 
112,  with  102  to  108  as  the  most  common.  The 
width  at  the  base  of  article  two  varies  from 
31  to  42,  with  36  to  42  as  the  most  common. 
Article  one  has  an  anterior  spur  which  is 
acute  to  attenuate,  and  a  posterior  spur  which 
is  prominent  and  rounded.  The  inner  margin 
of  article  three  possesses  a  slight,  terminal  con- 
cavity. Article  four  is  terminal. 

Basis  capituli.  The  posterolateral  margin 
possesses  blunt  posterolateral  extensions. 

Scutum.  The  width  varies  from  288  to  328, 
with  310  to  319  as  the  most  common.  The 
length  varies  from  270  to  328,  with  282  to  301 
as  the  most  common.  The  posterolateral  margin 
has  a  narrowly  rounded  curvature.  There  are 
five  pairs  of  scutal  setae.  Setae  one,  two  and 
three  usually  are  closely  grouped  near  the 
anterolateral  margin,  while  four  and  five  are 
grouped  near  the  posterolateral  curvature.  Pair 
numoer  three  ranges  in  length  from  23  to  36, 
with  26  to  28  as  the  most  common. 

Coxae.  Coxa  one  has  a  prominent  inner 
spur.  The  anterior  margin  is  variable  in  shape. 
There  are  three  setae  present.  Coxa  two  bears 
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a  slight,  inner  ridge.  The  anterior  and  poster- 
ior margins  are  straight  to  shghtly  concave. 
The  inner  margin  is  broadly  rounded,  and 
there  are  two  setae  present.  Coxa  three  some- 
times bears  a  slight  inner  ridge.  The  anterior 
margin  is  straight,  while  the  posterior  margin 
is  straight  to  slightly  conve.K.  There  are  two 
setae  present. 

General  body  setae.  Eight  (rarely  seven) 
pairs  of  marginal  dorsal  setae  are  present.  Pair 
number  one  ranges  in  length  from  40  to  52 
with  variations  equally  dispersed  and  showing 
an  average  of  45.  Two  pairs  of  central  dorsal 
setae  are  present.  Pair  number  one  ranges  in 
length  from  36  to  48,  with  36  to  52  as  the  most 
common.  Three  pairs  of  sternal  setae  are  pre- 
sent. Pair  number  one  ranges  in  length  from 
34  to  42,  with  36  as  the  most  common.  The 
setae  are  arranged  in  a  triangular  outline.  Two 
pairs  of  pre-anal  setae  are  present.  Pair  number 
one  ranges  in  length  from  29  to  36,  with  30 
as  the  most  common.  Four  pairs  of  pre-marginal 
setae  are  present.  Pair  number  one  ranges  in 
length  from  30  to  40  with  variations  equally 
dispersed  and  showing  an  average  of  34.  Three 
pairs  of  marginal  ventral  setae  are  present. 
Pair  number  one  ranges  in  length  from  29  to 
40,  with  31  to  36  as  the  most  common.  Two 
pairs  of  post-hypostomal  setae  are  present. 

Biology 

Host  preference.  The  few  larvae  of  this 
species  collected  were  found  only  on  white- 
footed  mice  of  the  genus  Peromyscus.  Nymphal 
ticks  were  found  most  commonly  on  the  deer 
mouse,  Peromyscus  maniculaius.  Adults  and 
nymphs  were  taken  from  three  other  genera  of 
hosts.  Cooley  and  Kohls  (1945)  listed  at  least 
16  genera  of  animals  that  serve  as  hosts  for 
this  tick,  mostly  in  northwestern  United  States. 

Geographical  and  ecological  distribution. 
This  species  probably  is  statewide  in  its  distribu- 
tion, but  was  infrequently  collected  during  this 
study.  We  found  it  about  equally  distributed  in 
coniferous  forest  and  desert  shrub  areas,  but  rec- 
ords from  the  literature  indicate  high  altitude 
hosts  for  the  most  part. 

Seasonal  activity.  Larval  ticks  were  collect- 
ed only  in  May,  nymphs  from  May  to  Septem- 
ber, adult  males  in  June,  and  adult  females 
in  May,  June  and  August.  Cooley  and  Kohls 
(1945)  listed  records  of  nymphs  from  April 
to  August  (except  July),  females  from  March 
to  December,  and  males  in  February,  April 
and  June. 

Habits  of  infestation,  Infested  animals  rare- 
ly possessed  more  than  a  single  tick  per  host. 
One  deer  mouse  possessed  22  larvae,  and  one 
canyon  mouse,  Peromyscus  crinitus,  had  48 
larvae. 

Larvae  and  nymphs  were  found  togethei' 
on  the  same  host  in  May,  nymphs  and  adults 


together  in  June  and  July,  and  all  three  stages 
together  in  May. 

Collection  Records 
Microtus  montanus  ssp.:  Pine  Valley,  Washing- 
ton Co.,  17  July  1953,  1  F 
Microtus  sp.:    Koosharem,  Sevier  Co.,  23  July 

1953,  1  F 
Microtus  sp.   nest:    Lake  Town,  Rich  Co.,  25 

June  1953,2  N,  1  M 
Ochotona  princeps   ssp.:    Beaver   Co.,    17   July 
1936  (RML) 
Delano   Ranger   Sta  ,   Beaver  Co.,   25   June 

1957   2  N 
Emerald' Lake,  Utah  Co.,  7  Aug.  1958,  1  N, 

2  F 

Timpooneke  Ranger  Sta.,  Mt.  Timpanogos, 
Utah  Co..   18  June  1958,  5  N,  6  Aug. 
1958,  IF 
Peromyscus  crinitus  ssp.:    Wild   Mtn..  Uintah 

Co.,  3  May  1953,  85  L,  2  N 
Peromyscus  maniculatus  ssp.:   Castledale,  Emm- 
ery Co.,  22  May  1952,  2  N 

Diamond  Valley,  Washington  Co.,  15  July 
1953,  2  N,  2  F 

Lynndyl   Sand   Dunes.  Juab   Co.,   24   June 
1955.  1  N 

Mt.  Timpanogos,  Utah  Co.,  19  July  1952, 
1  N 

Red  Creek,  Daggett  Co.,  16  June  1953,  1  N 

Wild  Mtn.,  Uintah  Co.,  2  May  1953,  22  L, 
1  N,  1  F 
Peromyscus  truei  ssp.:  Wild  Mtn.,  Llintah  Co., 

3  May  1953,  1  L,  1  N 

Urocyon  cinereoargenteus  scottii:  Tridell,  Uin- 
tah Co.,  26  Sept.  1957,1  N 
Unknown:    Schofield    Reservoir,    Utah    Co..    7 
June  1957,  1  N 
Edmunds   (1951)  listed  the  following  Utah 
records: 

Ochotona  sp.:    Paradise  Park,  Uintah  Co., 

Aug.  1947 
Shrew:  Camp  Hunt,  Cache  Co..  Aug.  1942 
Weasel:    Sardine  Canyon,  Cache  Co.,  Dec. 
1937 

Ixodes  diversifossus  Neumann,  1899 
Edmunds  (1951)  listed  a  record  of  Ixodes 
diversifossus  from  a  cottontail  rabbit  taken  by 
J.  S.  Stanford.  According  to  Cooley  and  Kohls 
(1945)  and  the  extensive  collections  of  the 
authors,  it  is  doubtful  that  this  is  a  valid  record 
for  this  species  in  Utah.  It  seems  reasonable  to 
assume  that  this  was  possibly  a  misidentifica- 
tion  of  sculptus  or  kingi. 

Ixodes  kingi  Bishopp.  1911 

(Figs.   7.  8,  9,  55) 

Descrij)tion  of  the  I^arva 
Specimens    examined.     Twenty-five    larvae 
were  lab-reared  from  a  female  taken  from  an 
Ord's  kangaroo  rat,  Dipodomys  ordii.  from  Dug- 
way,  Tooele  Co.,  LUah. 
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Hypostome.  The  width  varies  from  38  to 
44  with  42  as  the  most  common.  The  length 
varies  from  60  to  72  with  66  as  the  most  com- 
mon. The  sides  are  parallel  to  slightly  convex 
with  the  apex  broadly  rounded.  The  denticles 
closely  overlap,  are  rounded,  coarse,  and  ar- 
ranged in  a  2/2  sequence  to  the  base.  Files 
one  and  two  usually  possess  seven  and  six 
denticles,  respectively;  sometimes  there  is  one 


tooth  more  or  less  per  file.  File  two  extends 
at  least  seven-eighths  of  the  length  of  the  hypo- 
stome. 

Palpi.  The  width  at  the  widest  point  varies 
from  54  to  66  with  60  as  the  most  common.  The 
length  from  the  base  of  article  two  to  the  tip 
of  article  three  varies  from  90  to  106  with  96 
as  the  most  common.  The  width  at  the  base  of 
article  two  varies  from  31  to  42  with  40  as  the 
most  common.  Article  one  has  a  prominent, 
posteriorly  projecting  spur.  The  inner  margins 
of  articles  two  and  three  are  slightly  convex, 
while  the  outer  margins  are  slightly  concave. 
Article  four  is  sub-terminal. 

Basis  capituli.  The  posteroventral  margin  is 
broadly  convex  with  the  curvature  beginning 
at  the  base  of  palpal  article  one.  The  posterodor- 
sal  margin  is  flattened  with  a  slight  to  prom- 
inent posterolateral  extension. 

Scutum.  The  width  varies  from  261  to 
306  with  292  as  the  most  common.  The  length 
varies  from  270  to  292,  with  274  to  279  as  the 
most  common.  The  posterior  margin  is  rounded 
with  the  posterolateral  margins  flattened  to 
slightly  concave.  There  are  five  pairs  of  scutal 
setae.  Setae  one  and  two  are  grouped  near  the 
anterolateral  margin,  setae  three  are  situated 
medially,  while  four  and  five  are  located  along 
the  posterolateral  curvature.  Pair  number  three 
ranges  in  length  from  14  to  20  with  15  as  the 
most  common. 

Coxae.  Coxa  one  has  an  acute  inner  spur  of 
moderate  size.  The  anteromedial  margin  is 
straight  to  concave,  whereas  the  posterior  mar- 
gin may  be  straight,  concave,  or  convex.  There 
are  three  setae  present.  Coxa  two  has  flattened 
edges  anteriorly  and  posteriorly.  Both  ends  are 
bluntly  rounded.  There  are  two  setae  present. 
Coxa  three  has  a  concave  anterior  margin,  a 
convex  posterior  margin,  and  is  rounded  medi- 
ally. Two  setae  are  present. 

General  body  setae.  Eight  pairs  of  marginal 
dorsal  setae  are  present.  Pair  number  one  ranges 
in  length  from  37  to  48  with  42  as  the  most 
common.  Two  pairs  of  central  dorsal  setae  are 
present.  Pair  number  one  ranges  in  length  from 
18  to  24,  with  23  to  24  as  the  most  common. 
Three  pairs  of  sternal  setae  are  present.  Pair 
number  one  varies  in  length  from  29  to  36 
with  30  as  the  most  common.  The  setae  are 
arranged  in  a  triangular  outline.  Two  pairs 
of  pre-anal  setae  are  present.  Pair  number  one 
ranges  in  length  from  18  to  24  with  24  as  the 
most  common.  Four  pairs  of  pre-marginal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  19  to  31  with  24  as  the  most  common. 
Four  pairs  of  marginal  ventral  setae  are  present. 
Pair  number  one  ranges  in  length  from  18  to 
29  with  24  as  the  most  common.  Two  pairs  of 
post-hypostomal  setae  are  present. 
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Biology 

Host  preference.  The  larvae  of  kingi  ap- 
parently prefer  the  deer  mouse,  Peromyscus 
maniculatus,  to  other  hosts.  Ord's  kangaroo  rat, 
Dipodomys  ordii,  is  another  preferred  host. 
Other  species  of  white-footed  mice,  kangaroo 
rats,  rabbits,  wood  rats  and  pocket  mice  com- 
monly living  in  the  same  communities  as  the 
deer  mice  and  Ord's  kangaroo  rats  were  occas- 
ionally found  parasitized  with  kingi  larvae. 

Ord's  kangaroo  rat  seems  to  be  the  preferred 
host  of  nymphal  kingi,  whereas  the  deer  mouse 
is  less  preferred  by  nymphs.  Apparently  the 
nymphs  are  not  so  selective  for  their  hosts  as 
are  the  larvae,  for  they  were  also  frequently 
found  on  the  chisel-toothec^  kangaroo  rat,  Dip- 
odomys microps,  and  the  Great  Basin  pocket 
mouse,  Perognathus  parvus.  Other  animals  in 
the  same  community  were  rarely  found  para- 
sitized with  nymphs. 

The  few  adult  male  kingi  collected  were 
found  primarily  on  Ord's  kangaroo  rats.  Adult 
female  kingi  were  collected  most  frequently 
from  Ord's  kangaroo  rats  and  infrequently  from 
a  variety  of  other  hosts. 

Cooley  and  Kohls  (1945)  listed  at  least  14 
genera  of  animals  that  serve  as  hosts  for  this 
tick  in  the  western  United  States. 

Geographical  and  ecological  distribution. 
Ixodes  kingi  is  generally  statevsdde  in  its  dis- 
tribution. It  was  found  primarily  in  desert 
shrub  areas,  but  was  collected  occasionally  in 
the  lower  elevations  of  coniferous  forest  areas. 

Seasonal  activity.  Larval  and  nymphal 
kingi  were  found  on  deer  mice  every  month  of 
the  year  and  on  Ord's  kangaroo  rats  every 
month  except  July.  We  have  no  explanation 
for  their  apparent  absence  on  kangaroo  rats 
during  July. 

Adult  females  were  collected  every  month 
except  September,  December  and  January,  and 
adult  males  from  March  to  November  except 
in  July,  September  and  October. 

On  animals  other  than  their  common  hosts, 
ticks  were  found  from  April  through  Novem- 
ber, mainly  from  April  to  June. 

Except  for  the  month  of  June  in  each  case, 
Cooley  and  Kohls  (1945)  listed  records  of 
females  from  April  to  December,  males  from 
April  to  September,  and  nymphs  from  May  to 
September. 

Habits  of  infestation.  Apparently  few  ani- 
mals are  heavily  infested  with  kingi  ticks.  Most 
of  the  animals  infested  with  larvae  possessed 
only  one  or  two  ticks.  The  few  extremes  of 
larval  infestation  were  five  Ord's  kangaroo  rats 
which  possessed  20,  22,  38,  44  and  50  larvae, 
respectively.  A  deer  mouse  showed  an  extreme 
of  25  larvae,  and  a  desert  wood  rat  28.  Other 
than  these  extremes,  few  animals  had  more 
than  10  larvae.  With  respect  to  the  nymphs, 
the  same  general  picture  held  true.  Most  mam- 


mals had  one  or  two  ticks  with  less  than  a 
dozen  extremes  of  more  than  nine  nymphs. 
Usually  only  one  adult  female  tick,  and  never 
more  than  three,  was  found  on  a  single  host 
animal.  Not  more  than  one  adult  male  tick 
was  found  on  an  animal.  Such  small  numbers 
of  ticks  on  an  animal  may  be  indicative  of  a 
high  mortality  of  these  ticks  in  nature.  Labor- 
atory rearing  experiments  show  that  engorged 
adult  females  are  capable  of  producing  several 
thousand  eggs. 

Host  animals  are  not  resistant  to  infestation 
by  more  than  one  developmental  stage  of  ticks 
at  the  same  time.  Larvae  and  nymphs  were 
found  together  on  the  same  animal  every  month 
except  July  and  September.  Larvae,  nymphs 
and  adults  were  taken  together  in  February, 
April  and  October,  larvae  and  adults  in  March 
and  April,  and  nymphs  and  adults  from  Feb- 
ruary to  October,  except  in  July  and  September. 

Collection  Records 

Cynomys  leucurus:  Jensen,  Uintah  Co.,  13  June 
1953,  1  L,  3N 
Roosevelt,  Duchesne.  Co.,  21  Aug.  1952,  4  L, 

3  N 

Cynomys   parvidens:    Panguitch    (10  mi.   N.), 

Garfield  Co..  26  July  1952,  2  N 
Cynomys  sp.:   Linwood.  Daggett  Co.,  24  June 

1958,  3  N 
Prairie  dog:  Grand  Co.,  2  Sept.  1940  (RML) 

San  Juan  Co.,  21  Apr.  1937,  (RML) 
Dipodomys  microps  ssp.:   Chimney  Rock  Pass, 
UtahCo.,21  Junel953,  6N 
Desert   Range   Exp.    Sta..    Millard   Co.,    12 

Aug.  1958,  2  N 
Fish  Springs,  Juab  Co.,  14  July  1951,  1  N, 

1  F 

Lucin,  Box  Elder  Co.,  18  June  1952,  4  N, 
11  Oct.  1952,  1  N,  23  May  1953,  1  L 
Dipodomys  ordii  ssp.:    Brown's   Park,  Daggett 
Co.,  11  June  1953.  120  N.  3  F 

Cedar  Valley,  Utah  Co.,  27  Oct.  1948,  44  L; 
28  Sept.  1950,  20  L;  25  Mar.  1951,  2  N. 

2  M,  2  F;  8-14  Oct.  1951,  32  L,  24  N, 

4  F;  4-14  Oct.  1952,  2  N;  11  Nov.  1952, 
1  L;  20  Dec.  1952,  11  L,  5  N:  28  Aug. 
1953,  1  L.  1  N;  10  Oct.  1953,  124  L.  9  N; 
14  Aug.  1957,  26  L 

Chimney   Rock    Pass,    Utah   Co.,   28   Mar. 

1953,  16  L.  4  N.  2  M,  4  F;  23  Apr.  1953, 

7  L.  2  N,  1  M,  4  F;  28  May  1953,  3  N, 

1  F;21  June  1953,  2  L,  21  N 
Desert  Range  Exp.  Sta.,  Millard  Co..  10  Sept. 

1950,  1  L;  12  Aug.  1958.  1  N 
Elberta,  Utah  Co.,  30  Jan.  1953,  2  L 
Fairfield,  Utah  Co.,  28  Apr.  1952,  2  L.  1  N 
Jensen,  Uintah,  Co.,  13  June  1953,  1  N 
Joy,  Juab  Co.,  1  June  1951.  17  L,  52  N,  1  F 
Locomotive  Springs.  Box  Elder  Co.,  18  June 

1952,  19  N 
Lucin,  Box  Elder  Co.,  18  June,  1952,  1  L, 

18  N.  1  F;  10  Oct.  1952,  74  L,  18  N;  14 
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Feb.    1953,.  154L,  25  N,  6  F;  23  May 

1953,  13L,  7N,  1  M.  2  F 
Lynndyl  Sand  Dunes,  Juab  Co.,  8  Oct.  1950, 

12  L.  7  N;  19-26  June  1955,  1  L.  21  N, 

3  F 
Moab    (20  mi.   S),  San  Juan   Co.,   7  May 

1951,2L,  6N,  IF 
Price,  Carbon  Co.,  8  June  1951,  3  N 
Richfield.   Sevier  Co..   30  Apr.    1952,   3   L, 

2  N,  1  F 

Roosevelt    (7   mi.   NW),   Duchesne  Co.,  22 
Apr.  1953.  1  L 
Dipodomys  sp.:   Lucin,  Box  Elder  Co..  18  June 

1952,  1  L.  4N 
Mustela  sp.:   San  Juan  Co.,  22  Apr.  1937 

(RML) 
Neotoma  lepida  ssp.:  Chimney  Rock  Pass,  Utah 
Co.,  15  Oct.  1949,  62  L,  4  N 
Lucin,  Box  Elder  Co.,  14  Feb.  1953,  5  L 
Neotoma  sp.  nest:   North  Wash,  Garfield  Co., 

10  June  1955.  1  M 

Onychomys  leucogaster  ssp. :  Browns  Park,  Dag- 
gett Co.,  11  June  1953,  6  N 
Lucin,  Box  Elder  Co.,  23  May  1953.  1  N 
Moab    (20  mi.   S),  San  Juan  Co.,   7  May 

1951,  4  N 

Onychomys  torridus  longicaudus:  Beaver  Dam 
Wash.  Washington  Co.,  17  Apr.   1952, 

3  L 

Perognathus     longimembris     ssp.:      Glenwood, 

Sevier  Co.,  30  Apr.  1952,  2  N 
Perognathus  parvus  ssp.:    Cedar  Valley,   Utah 
Co.,  8  Oct.  1951.  1  L,  1  N;  11  Nov.  1952, 
2L,2N;  10  Oct.  1953,  3  L 
Fish  Springs,  Juab  Co..  15  July  1951,  1  N 
Hieroglyphic  Gap.  Iron  Co..  18  July  1953. 

1  N 

Joy.  Juab  Co.,  1  June  1951,  1  L,  34  N,  1  F 
Lucin,  Box  Elder  Co.,  19  June  1952,  1  N; 

1 1  Oct.  1952.  IN;  24  May  1953,  7  L,  1  N 
Price,  Carbon  Co.,  8  June  1951,  1  L 

Yuba  Reservoir.  Sanpete  Co..  22  July  1951, 

2  N 

Perognathus  sp.:  Callao.  Juab  Co..  12  Aug.  1953. 

6N 

Grafton,  Washington  Co.,  5  Apr.  1952,  1  L 

Lucin,  Box  Elder  Co..  18  June  1952,  1  N; 

19  June  1953,  1  N 

Peromyscus  crinitus  ssp.:  Lucin,  Box  Elder  Co., 

24  May  1953,  2  L 

Peromyscus  eremicus  eremicus:  Grafton.  Wash- 
ington Co.,  5  Apr.  1952,  2  L,  2  N 
Parowan,  Iron  Co..  4  Sept.  1951,  1  L 
Peromyscus   maniculatus   ssp.:    Brown's    Park, 
Daggett  Co.,  11  June  1953,  3  L,  5  N 
Castledale,  Emery  Co.,  22  May  1952,  1   L. 

2  N 
Cedar  Valley.  Utah  Co..  12  Apr.  1950,  4  L; 

25  Mar.'l951.  2  L.  12  N;  8  Oct.  1951. 
7  L,  10  N;  28  Apr.  1952,  3  L;  31  Aug. 

1952,  1  N;  4  Oct.  1952.  3  N;  1  Nov. 


1952,  6  L,  2  N;  20  Dec.  1952,  5  L;  28 
Feb.  1953.  3  L,  1  N;  10  Oct.  1953,  22 
L,  1  F 

Chimney  Rock  Pass,  Utah  Co.,  13  Oct.  1948, 

1  L;  15  Oct.  1949,  7  L.  2  N;  28  Mar. 

1953,  31  L.  4  N;  23  Apr.  1953,  47  L. 

2  N;  28  May  1953,  15  L,  5  N;  21  June 
1953,  3  N 

Desert    Range    Exp.    Sta.,    Millard    Co.,    11 

Sept.  1950,  4  N 
Elberta,  Utah  Co.,  30  Jan.  1953,  10  L,  3  N 
Glenwood.  Sevier  Co.,  30  Apr.  1952,  1  L 
Hieroglyphic  (iap.  Iron  Co.,   18  July  1953, 

1  N 
Jensen    (13   mi.   E).    Uintah   Co.,    13   June 

1953.  2  L,  3  N 
Joy,  Juab  Co.,  1  June  1951,  5  N 
Locomotive  Springs,  Box  Elder  Co.,  18  June 

1952,  1  N 

Lucin,  Box  Elder  Co.,  18  June  1952,  3  L, 

7  N;  14  Feb.  1953.  7  L;  23  May  1953, 

36  L.  2  N 
Lynndyl  Sand  Dunes,  Juab  Co.,  8  Oct.  1950, 

1    L,  4  N;    19-26  June   1955.  4  N;   12 

June  1957,  1  N 
Moab.    (20   mi.    S)    San   Juan   Co.,    7   May 

1951,  2  N 
Myton,    (5   mi.    S)    Duchesne   Co.,    5   June 

1953 
Paradise  Valley,  Sevier  Co.,  10  Aug.  1952, 

55  L 
Pole  Creek   Mtn.,   Duchesne  Co.,   24  Aug. 

1957,  1  L 
Price,  Carbon  Co.,  7  June  1951.  1  L,  2  N 
Provo  Canyon,  Utah  Co.,  26  Apr.  1951.  1  L 
Richfield,  Sevier  Co.,  30  Apr.  1952,  3  L.  2  N 
Roosevelt  (7  mi.  W),  Duchesne  Co.,  12  Aug. 

1951,  1  L 
Wah  Wah  Springs,  Beaver  Co.,  13  Sept. 

1950,  5  L.  2  N 

5  L,  2N 
Wild  Mtn.,  Uintah  Co.,  2  May  1953,  1  L 
Peromyscus  truei  ssp.:    Marysvale.   Piute  Co.. 

27  June  1952,  1  L 
Reithrodontomys  megalotis  ssp.:  Chimney  Rock 

Pass.  Utah  Co.,  2  May  1953,  1  N 
Lucni.  Box  Elder  Co.,  18  June  1952,  1  L 
Spermophilus  armatus:    Strawberry  Reservoir. 

Wasatch  Co.,  28  June  1951,  i  L 
Spermophilus  lateralis  ssp.:  Myton  (15  mi.  S), 

Duchesne  Co.,  5  Apr.  1953.  1  N 
Spermophilus  richardsoni  ssp.:   Highway  Utah 

51,    Utah-Wyoming    Border,    Rich    Co.. 

25  June  1952,  1  L,  1  N 
Randolph.  Rich  Co..   16  July  1952.  1   N 

(RMH) 
Spilogale  gracilis  ssp.:  Callao.  Juab  Co.,  12  Aug. 

1953.  5  N,  1  M,  1  F 

Cedar  Valley.  Utah  Co..  31  Aug.   1952,  15 

N,  1  F    ■ 
Gandy,  Millard  Co..  14  Aug.  1953,  2  F 
Sylvilagus  nuttallii  ssp.:   Cedar  Fort.  Utah  Co.. 
14  Sept.  1949.  2  L 
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Taxidea  taxus  ssp.:  Ouray,  Uintah  Co.,  18  Nov. 
1951,  1  M,  2  F 
Locality  unknown,  24  Oct.  1956,  1  F 
Thomomys   talpoides  ssp.:    Cedar   Breaks   Nat. 

Men.,  Iron  Co.,  20  July  1953,  1  F 
Host  unknown:  Fairfield  (20  mi.  S).  Utah  Co., 
28  Apr.  1952,  2  L 
Lynndvl    Sand   Dunes,   Juab  Co.,    12   June 

19^7,  1  N 
Saratoga,  Utah  Co.,  13  Jan.  1951,  12  N 
In  addition  to  the  above  listings,  the  follow- 
ing   Utah    records    are    listed    by    Cooley    and 
Kohls  (1945): 

Burrow:  San  Juan  Co.,  Aug.  1940,  1  F 
Canis  familiaris:  Cedarview,  Duchesne  Co., 

6  M,  13  F 
Cynomys   gunnisoni:    San   Juan   Co.,    May 

1937;  2  M 
Prairie  Dog:    Grand  Co.,  Sept.   1940,  2  M 
Millard  Co.,  Aug.  1940,  1  F.  Sept.  1940, 
1  F 
Mustela  sp.:  San  Juan  Co.,  Apr.  1937,  1  M, 

1  F 
Mink:  Randlett,  Uintah  Co.,  2  F 
Edmunds   (1951)   listed  the  following  Utah 
record: 

Prairie  dog:  San  Juan  Co.,  July  1947 

Ixodes  martnotae  Cooley  and  Kohls,  1938 
(Figs.  10,  11,  12,  54) 

Description  of  the  Larva 

Specimens  examined.  Eight  specimens  were 
examined.  Of  these,  seven  were  collected  from 
Marmota  flaviventer  at  Loa,  Wayne  County, 
Utah.  The  remaining  specimen  was  collected 
by  J.  D.  Gregson  from  Marmota  species  at 
Nichols.  B.  C.  Canada. 


Fig.  11 


Fig.  12 


Fig.  10 


Hypostome.  The  width  varies  from  62  to 
72,  with  variations  equally  dispersed  and  show- 
ing an  average  of  67.  The  length  varies  from 
80  to  93  with  81  as  the  most  common.  The  sides 
are  parallel  with  a  broadly  rounded  apex.  The 
denticles  closely  overlap,  are  rounded,  coarse, 
and  arranged  2/2  to  the  base.  Files  one  and  two 
usually  possess  eight  and  seven  denticles,  re- 
spectively. Sometimes  there  is  one  tooth  more 
or  less  per  file.  File  three  is  present  only  at 
the  apex  with  one  or  two  denticles. 

Palpi.  The  width  at  the  widest  point  varies 
from  66  to  78  with  72  as  the  most  common. 
The  length  from  the  base  of  article  two  to  the 
tip  of  article  three  varies  from  122  to  135  with 
variations  equally  dispersed  and  showing  an 
average  of  129.  The  width  at  the  base  of  article 
two  varies  from  48  to  52  with  variations  equal- 
ly dispersed  and  showing  an  average  of  50. 
.■\rticle  one  bears  a  prominent,  posteriorly  pro- 
jecting spur.  The  inner  margins  of  articles  two 
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and  three  are  convex,  while  the  outer  margins 
are  straight  except  for  the  distal  end  of  article 
three,  which  is  concave.  Article  four  is  terminal. 

Basis  capituli.  The  posteroventral  margin  is 
broadly  convex  with  the  medial  curvature  be- 
ginning at  the  base  of  palpal  article  one.  The 
posterodorsal  niargin  is  flattened.  There  are  no 
posterolateral  extensions. 

Scutum.  The  width  varies  from  337  to  382 
with  variations  equally  dispersed  and  showing 
an  average  of  361.  The  length  varies  from  328 
to  351  with  variations  equally  dispersed  and 
showing  an  average  of  341.  The  posterolateral 
margin  is  moderately  to  strongly  concave.  There 
are  five  pairs  of  scutal  setae.  Setae  one,  two. 
four,  and  five  are  uniformly  spaced,  while 
number  three  is  situated  medially.  Pair  num- 
ber three  ranges  in  length  from  11  to  16  with 
12  as  the  most  common. 

Coxae.  Coxa  one  has  a  small,  inner  spur. 
There  are  three  setae  present.  The  anterior  and 
posterior  margins  of  coxa  two  are  straight.  The 
inner  margin  is  broadly  rounded,  giving  the 
coxa  an  oval  appearance.  A  small  inner  tub- 
ercle, or  ridge,  is  present.  There  are  two  setae 
present.  Coxa  three  lacks  spurs,  has  variable 
sides,  and  the  inner  margin  is  narrowly  round- 
ed. 

General  body  setae.  There  apparently  are 
eight  pairs  of  marginal  dorsal  setae.  An  accurate 
count  was  not  possible  since  only  one  specimen 
showed  clear  detail  of  these  setae.  The  setal 
length  ranges  from  21  to  33  with  variations 
equally  dispersed  and  showing  an  average  of 
28.  Two  pairs  of  central  dorsal  setae  are  pre- 
sent. Pair  number  one  ranges  in  length  from 
14  to  24  with  18  as  the  most  common.  Three 
pairs  of  sternal  setae  are  present.  Pair  number 
one  ranges  in  length  from  28  to  31,  with  28 
to  30  as  the  most  common.  The  setae  are  ar- 
ranged in  a  triangular  outline.  Two  pairs  of 
pre-anal  setae  are  present.  Pair  number  one 
ranges  in  length  from  18  to  24  with  24  as  the 
most  common.  Four  pairs  of  pre-marginal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  19  to  26  with  variations  equally  dispersed 
and  showing  an  average  of  23.  Three  pairs  of 
marginal  ventral  setae  are  present.  Pair  number 
one  ranges  in  length  from  19  to  28  with  varia- 
tions equally  dispersed  and  showing  an  average 
of  23.  Two  pairs  of  post-hypostomal  setae  are 
present. 

Biology 

Host  preference.  Ticks  of  this  species  were 
found  most  commonly  on  the  yellow-bellied 
marmot,  Marmota  flaviventer.  Cooley  and 
Kohls  (1945)  listed  records  of  this  tick  from 
two  genera  of  hosts  other  than  the  marmot. 

Geographical  and  ecological  distribution.The 
range  of  this  tick  coincides  with  that  of  its  com- 
mon host  which  is  generally  found  from  5.000 
to  10,000  feet  above  sea  level.  All  of  our  collec- 


tions of  marmots  at  high  elevations  (8,000- 
10,000  feet  above  sea  level)  have  failed  to  pro- 
duce a  single  specimen  of  tick  in  any  stage  of 
development. 

Seasonal  activity.  Larvae  were  found  only 
in  April,  and  nymphs  and  adult  females  in 
April,  June  and  August.  Adult  males  were  not 
found  by  us.  Cooley  and  Kohls  (1945)  listed 
records  of  females  collected  from  March  to 
.\ugust.  males  from  March  to  August  (except 
July),  nymphs  from  April  to  June,  and  larvae 
in  April  and  June. 

Habits  of  infestation.  The  few  collection 
records  we  have  obtained  indicate  that  this 
tick  demonstrates  no  distinctive  pattern  of  in- 
festation. A  single  marmot  was  infested  with 
12  larvae,  whereas  another  marmot  harbored 
nine  adult  female  ticks.  Larvae  and  nymphs 
were  found  together  on  the  same  host  in  April, 
and  nymphs  and  adults  together  in  June  and 
August. 

Collection  Records 

Marmota  flaviventer  ssp.:    Elk  Valley  Ranger 
Sta.,  Cache  Co.,  26  June  1953,  1  N,  3  A 
Loa,  Wayne  Co,  6  Aug.   1952,  1  7  L.  4N 
Mt.  Pleasant.  Sanpete  Co.,  22  Apr.  1952,  12 

L,  1  N,  1  F 
Rich  Co.,  3  June  1938  (RML) 
Salt  Lake  County,  18  May  1939,  (RML) 
Strawberry  River  Cnyn.,  Duchesne  Co.,  21 
Aug.  1957,  6  F 
Peromyscus  maniculatus  ssp.:  Strawberry  River 
Cnyn.,  Duchesne  Co.,  18  June  1957,  1  N 
Spermophilus  armatus:  Cache  Co.,  24  May  1938 

(RML) 
Spermophilus  lateralis  ssp.:  Delano  Ranger  Sta.. 
BeaverCo.,  25  June,  1957,  2  N 
Strawberry  River  Cnyn.,  Duchesne  Co..  18 

June,  1957,  1  N 
Cooley  and  Kohls    (1945)    listed  additional 
LTtah  records  as  follows: 

Spermophilus    armatus:     Cache    Co.,    May 

1938,  1  M 
Marmota  sp.:  Rich  Co.,  June  1938,  5  M,  3  F 
Edmunds    (1951)    listed    LItah    records    as 
follows: 

Marmota  sp.:  Prairie  Hollow,  Salt  Lake  Co., 

May  1939 
Tampo,  Box  Elder  Co.,  July  1942 

Ixodes  muris  Bishopp  and  Smith,  1937 
(Figs.   13.  14,  15,  54) 

Description  of  the  Larva 

Specimens  examined.  Twenty-two  lab- 
reared  specimens  were  analyzed.  Of  these 
four  were  reared  by  J.  D.  Gregson  and  C.  N. 
Smith  in  Canada.  The  remaining  eighteen  were 
received  from  C.  M.  Clifford.  University  of 
Maryland. 
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Fig.  14 


Fig.  15 


Hypostome.  The  width  varies  from  34  to 
48  with  42  as  the  most  common.  The  length 
varies  from  90  to  97  with  96  as  the  most  com- 
mon. The  sides  are  nearly  parallel,  gradually 
tapering  to  a  narrowly  rounded  apex.  All  den- 
ticles are  relatively  long,  narrow  and  pointed, 
and  are  arranged  3/3  apically  and  2/2  at  the 
base.  Files  one.  two  and  three  usually  possess 


ten,  nine  and  four  denticles,  respectively.  Some- 
times there  is  one  tooth  more  or  less  per  file. 
File  two  extends  to  the  hypostomal  base.  File 
three  extends  one-third  of  the  length  of  the 
hypostome. 

Palpi.  The  width  at  the  widest  point  varies 
from  42  to  60  with  54  as  the  most  common. 
The  length  from  the  base  of  article  two  to  the 
tip  of  article  three  varies  from  11 1  to  138,  with 
132  to  135  as  the  most  common.  The  width  of 
article  two  at  the  base  varies  from  23  to  39. 
with  30  to  36  as  the  most  common.  Article  one 
has  neither  anterior  nor  posterior  projections. 
The  inner  margins  of  articles  two  and  three  are 
slightly  convex,  while  the  outer  margins  are 
straight.  Article  four  is  sub- terminal 

Basis  capituli.  There  is  a  prominent  auricu- 
lar projection  on  the  ventrolateral  margin.  The 
posteroventral  margin  is  bluntly  terminated. 
The  posterodorsal  margin  is  flattened  with 
slightly  pointed  posterolateral  extensions. 

Scutum.  The  width  varies  from  301  to  347 
with  337  as  the  most  common.  The  length 
varies  from  292  to  328  with  315  as  the  most 
common.  The  posterior  margin  is  moderately 
rounded.  There  are  five  pairs  of  scutal  setae. 
Paired  setae  one  and  two  are  grouped  near  the 
anterolateral  margin,  pair  three  is  situated 
medially  and  slightly  anteriorly,  and  four  and 
five  are  located  along  the  posterolateral  cur- 
vature of  the  scutum.  Pair  number  three  ranges 
in  length  from  29  to  36  with  30  as  the  most 
common. 

Coxae.  Coxa  one  has  an  acute  inner  spur  of 
moderate  size.  An  outer  spur  is  present  and  is 
about  one-third  as  large  as  the  inner  spur. 
There  are  three  setae  present.  Coxa  two  has  a 
small  inner  tubercle  and  small  outer  spur. 
There  are  two  setae  present.  Coxa  three  has 
neither  spurs  nor  tubercles.  The  anterior  and 
posterior  margins  are  straight  to  slightly  con- 
cave. There  are  two  setae  present. 

General  body  setae.  Seven  pairs  of  marginal 
dorsal  setae  are  present.  Pair  number  one  ranges 
in  length  from  25  to  42  with  30  as  the  most 
common.  Four  (rarely  three)  pairs  of  central 
dorsal  setae  are  present.  Pair  number  one 
ranges  in  length  from  20  to  32  with  29  as  the 
most  common.  There  is  one  pair  of  supple- 
mentary setae  which  ranges  in  length  from  20 
to  30  with  24  as  the  most  common.  Three  pairs 
of  sternal  setae  are  present.  Pair  number  one 
ranges  in  length  from  52  to  67  with  60  as  the 
most  common.  The  setae  vary  from  a  parallel 
to  triangular  arrangement.  Two  pairs  of  pre- 
anal  setae  are  present.  Pair  number  one  ranges 
in  length  from  36  to  48  with  40  to  42  as  the 
most  common.  Four  pairs  of  pre-marginal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  38  to  50,  with  42  to  48  as  the  most  com- 
mon. Four  pairs  of  marginal  ventral  setae  are 
present.  Pair  number  one  ranges  in  length  from 
24  to  36,  with  24  to  30  as  the  most  common. 
Two  pairs  of  post-hypostomal  setae  are  present. 
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Biology 

This    species    was    rarely    collected    in    this 
study  as  the  following  records  indicate. 
Peromyscus  mcmiculatus  ssp.:  Callao.  Juab  Co.. 
12  Aug.  1953.  1  L 
Cedar  Valley.  Utah  Co.,  8  Oct.   1951.  1   L 
Coolev  and  Kohls  (1945)   listed  only  a  few 
records  taken  from  six  genera  of  hosts.  Kohls 
(1952)    reported    this    species    from    muskrats 
at    Locomotive    Springs.    Box    Elder   Co..   Utah 
in  March.  1951. 

Ixodes  ochotonae  Gregson,  1941 

(Figs.  16.  17.  18.  55) 

Description  of  the  Larva 

Specimens  examined.  Eighteen  specimens 
were  analyzed.  Of  these,  fourteen  were  collected 
by  J.  D.  Gregson  from  Ochotona  species  at 
Glacier,  B.  C,  Canada.  The  remaining  four 
were  collected  from  a  pika  at  Baldy  Lake. 
Duchesne  County,  LTtah. 

Hypostome.  The  width  varies  from  36  to  48 
with  variations  equally  dispersed  and  showing 
an  average  of  40.  The  length  varies  from  72 
to  108.  with  84  to  90  as  the  most  common.  The 


Fig.  16 


Fig.  17 


Fig.  18 


sides  are  oval  in  outline  and  taper  to  a  moderate- 
ly rounded  apex.  The  denticles  closely  over- 
lap, are  rounded  and  coarse.  The  files  are  ar- 
ranged 2/2  and  3/3  for  a  distance  of  two- 
thirds  and  one-eighth,  respectively,  the  length 
of  the  hypostoriie.  Files  one,  two  and  three 
usually  possess  nine,  six  and  two  denticles, 
respectively.  Sometimes  there  is  one  tooth  more 
or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  42  to  72.  with  60  to  64  as  the  most  com- 
mon. The  length  from  the  base  of  article  two  to 
the  tip  of  article  three  varies  from  112  to  130 
with  variations  equally  dispersed  and  showing 
an  average  of  118.  The  width  of  article  two  at 
its  base  varies  from  30  to  48  with  42  as  the 
most  common.  Both  the  inner  and  outer  mar- 
gins of  articles  two  and  three  are  straight  to 
slightly  convex.  Article  one  has  prominent 
anterior  and  posterior  spurs.  Article  four  is 
subterminal. 

Basis  capituli.  The  posteroventral  margin 
is  straight  to  slightly  convex  with  the  posterior 
curvature  beginning  at  the  base  of  palpal 
article  one.  The  posterodorsal  margin  has  a 
slight,  medial  convexity,  and  has  prominently 
pointed,  posterolateral  extensions. 

Scutum.  The  width  varies  from  342  to  382, 
with  369  to  382  as  the  most  common.  The  length 
varies  from  288  to  337,  with  300  to  320  as  the 
most  common.  The  posterolateral  margin  is 
straight  with  a  moderately  rounded,  posterior 
curvature.  There  are  five  pairs  of  scutal  setae. 
Paired  setae  one  and  two  are  closely  grouped, 
as  are  four  and  five.  Pair  number  three  is 
situated  medially  and  ranges  in  length  from 
18  to  30.  with  22  to  28  as  the  most  common. 

Coxae.  Coxa  one  has  an  inner  spur  of  mod- 
erate size.   The  anterior  margin   is  straight  to 
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slightly  convex.  There  are  three  setae  present. 
Coxa  two  has  a  slight  inner  tubercle,  or  ridge. 
There  are  two  setae  present.  Coxa  three  has 
a  slight  inner  tubercle,  or  ridge.  The  anterior 
margin  is  slightly  concave;  the  posterior  mar- 
gin is  straight.  There  are  two  setae  present. 

General  body  setae.  Eight  (rarely  seven) 
pairs  of  marginal  dorsal  setae  are  present.  Pair 
number  one  ranges  in  length  from  17  to  36, 
with  24  to  30  as  the  most  common.  Two  pairs 
of  central  dorsal  setae  are  present.  Pair  number 
one  ranges  in  length  from  18  to  30,  with  24  to 
30  as  the  most  common.  Three  pairs  of  sternal 
setae  are  present.  Pair  number  one  ranges  in 
length  from  29  to  42  with  36  as  the  most  com- 
mon. The  setae  vary  from  a  parallel  to  triangu- 
lar arrangement.  Two  pairs  of  pre-anal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  24  to  36  with  30  to  36  as  the  most  common. 
Three  pairs  of  marginal  ventral  setae  are  pre- 
sent. Pair  number  one  ranges  in  length  from 
18  to  29,  with  22  to  29  as  the  most  common. 
Two  pairs  of  post-hypostomal  setae  are  present. 

Biology 

Host  preference.  The  larvae  of  ochotonae 
were  found  with  about  equal  frequency  on  the 
deer  mouse,  Peromyscus  maniciilatus,  the  Uinta 
ground  squirrel,  Spermophilus  armatus,  and  the 
pika,  Ochotona  princeps.  Only  one  nymph  was 
collected,  and  no  males  were  found.  Adult  fe- 
males apparently  prefer  the  pika  as  their  host. 
Cooley  and  Kohls  (1945)  listed  two  genera  of 
hosts  beside  the  pika. 

Geographical  and  ecological  distribution. 
Apparently  this  species  is  statewide  in  its  distri- 
bution. It  was  found  about  equally  in  conifer- 
ous forest  and  desert  shrub  areas. 

Seasonal  activity.  Larval  ochotonae  were 
found  from  March  through  August,  except  in 
April.  The  single  nymph  collected  by  us  was 
found  in  June.  Females  were  collected  from 
May  through  August.  Ticks  were  taken  from 
the  deer  mouse  in  March,  May  and  Avigust, 
from  the  pika  in  June.  July  and  August,  and 
from  all  other  hosts  only  during  May  and  June. 
Cooley  and  Kohls  (1945)  listed  collections  of 
larvae  in  March,  May  and  June,  nymphs  for 
the  same  months  including  August,  females  in 
March.  June  and  July,  and  males  only  in  July. 

Habits  of  infestation.  Most  animals  infested 
with  ochotonae  did  not  have  more  than  three 
larvae  per  host.  However,  one  northern  pocket 
gopher,  Thomomys  talpoides,  was  infested  with 
75  larvae,  and  one  pika  with  25.  Not  more 
than  one  adult  female  tick  was  found  on  any 
one  host. 

Larvae  and  adult  females  were  found  to- 
gether on  the  same  animal  in  May  and  August, 
and  larvae,  a  nymph  and  an  adult  female  to- 
gether in  June. 


Collection  Records 

Ochotona  princeps  ssp.:  Bald  Mtn.,  Summit  Co., 
25  Aug.   1956,  14  L;  7  July  1958,  1  L, 

2  F 

Cedar  Breaks  Nat.  Mon.,  Iron  Co.,  20  July 

1953,  6L 
Delano    Ranger    St..    Beaver    Co.,    25    June 

1957,  2  L 
Paradise   Park,   Uintah   Co.,    31    July   1947 

(RML) 
Pole   Creek  Mtn.,   Duchesne  Co.,  24  Aug. 

1957,  24  L,  2  F 
Timpooneke  Ranger  Sta.,  Mt.  Timpanogos, 

Utah  Co.,  18  June  1958,  12  L,  4  N,  3  F 

Peromyscus  crinitus  ssp.:    Wild  Mtn.,   Uintah 
Co.,  3  May  1953,  3  L 

Peromyscus    maniculatus    ssp.:    Aspen    Grove, 

Utah  Co.,  24  May  1951,  1  L 
Castledale.  Emery  Co.,  22  May  1952,  14  L, 

1  F 
Chimney   Rock    Pass,    Utah   Co..   28    May. 

1953,  5  L 
Fish  Lake,  Sevier  Co.,  5  Aug.  1952,  3  L 
Goshen,  Utah  Co.,  14  May  1954,  1  F 
Kanab  (25  mi.  E).  Kane  Co..  9  Mav  1952, 

3  L 

Pole   Creek   Mtn.,  Duchesne   Co.,   24   A.ug. 

1957,  1  L 
Wild  Mtn.,  Uintah  Co.,  2  May  1953,  5  L 
Peromyscus  truei  ssp.:  Wild  Mtn.,  Uintah  Co.. 

2May  1953,  5L 
Spermophilus  armatus:    Strawberry  Reservoir, 

Wasatch  Co.,  28  June  1951,  38  L 
Spcrmophih/s  lateralis  ssp.:   Deep  Creek.  Dag- 
gett Co.,  23  June  1958,  12 L 
Lynn,  Box  Elder  Co.,  10  June  1957,  4  L 
Thomomys  talpoides  ssp.:   Randolph,  Rich  Co., 
21  Aug.  1952,  75  L 
The   following  Utah  records  are   listed   by 
Edmunds  (1951): 

Ochotona  sp.:    Paradise  Park.  Uintah  Co., 
July  1947  and  1948 

Ixodes  pacificus  Cooley  and  Kohls,  1943 
(Figs.  19,  20,21.  55) 

Description  of  the  Larva 

Specimens  examined.  Twelve  specimens 
lab-reared  by  J.  D.  Gregson  in  Canada  were 
analyzed. 

Hypostome.  The  width  varies  from  42  to  49 
with  42  to  44  as  the  most  common.  The  length 
varies  from  80  to  96  with  variations  equally 
dispersed  and  showing  an  average  of  91.  The 
sides  are  parallel  and  narrowly  tapered  at  the 
apex.  The  denticles  are  long,  narrow  and  point- 
ed with  a  slight  separation  and  overlapping; 
they  are  arranged  2/2  to  the  base.  Files  one, 
two   and    three   usually    possess   ten.  nine   and 
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Fig.  20 


Fig.  21 


ther 


three   denticles,    respectively.    Sometimes 
is  one  tooth  more  or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  38  to  54  with  variations  equally  dis- 
persed and  showing  an  average  of  45.  The 
length  from  the  base  of  article  two  to  the  tip  of 
article  three  varies  from  114  to  124  with  varia- 
tions equally  dispersed  and  showing  an  average 


of  119.  The  width  of  article  two  at  its  base 
varies  from  24  to  35  with  variations  equally 
dispersed  and  showing  an  average  of  30.  Ar- 
ticle one  has  neither  anterior  nor  posterior 
projections.  The  inner  margins  of  articles  two 
and  three  are  convex;  the  outer  margins  are 
straight.  Article  four  is  subterminal. 

Basis  capituli.  The  ventrolateral  margin 
tapers  medially  to  a  narrow,  blunt  posterior 
margin.  Ridged  auriculae  are  present  and  are 
located  medially  to  the  posterolateral  curva- 
ture on  the  venter.  The  posterodorsal  margin 
is  flattened  with  prominent  posterolateral  ex- 
tensions which  are  rounded  to  slightly  pointed. 

Scutum.  The  width  measurements  were  not 
made  since  the  lateral  margins  were  indistinct. 
The  length  varies  from  270  to  292  with  varia- 
tions equally  dispersed  and  showing  an  aver- 
age of  284.  The  posterior  margin  is  uniformly 
rounded.  There  are  five  pairs  of  scutal  setae. 
Setae  one,  two,  four  and  five  are  about  equally 
spaced  with  one,  two  and  four  situated  along 
the  lateral  margin.  Pair  five  is  situated  postero- 
medially  to  the  posterolateral  curvature.  Num- 
ber three  is  situated  anteromedially.  Pair  num- 
ber three  ranges  in  length  from  28  to  38,  with 
29  to  30  as  the  most  common. 

Coxae.  Coxa  one  has  a  prominent,  acute 
inner  spur.  The  outer  spur  is  approximately 
one-sixth  as  large  as  the  inner  spur.  There  are 
three  setae  present.  Coxa  two  has  a  small  outer 
spur.  The  posterior  margin  is  variable.  There 
are  two  setae  present.  Coxa  three  is  without 
spurs.  The  anteromedial  and  posteromedial 
margins  bear  a  slight  concavity.  Three  setae 
are  present. 

General  body  setae.  Seven  pairs  of  marginal 
dorsal  setae  are  present.  Pair  number  one 
ranges  in  length  from  73  to  84  with  variations 
equally  dispersed  and  showing  an  average  of 
78.  Four  pairs  of  central  dorsal  setae  are  pres- 
ent. Pair  number  one  ranges  in  length  from 
32  to  48  with  variations  equally  dispersed  and 
showing  an  average  of  41.  There  is  one  pair 
of  supplementary  setae  which  ranges  in  length 
from  42  to  61  with  54  as  the  most  common.  The 
setae  are  arranged  in  a  parallel  to  slightly  tri- 
angular outline.  Two  pairs  of  pre-anal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  28  to  43,  with  32  to  36  as  the  most  com- 
mon. Four  pairs  of  prfe-marginal  setae  are 
present.  Pair  number  one  ranges  in  length 
from  29  to  42,  with  35  to  36  as  the  most  com- 
mon. Four  pairs  of  marginal  ventral  setae  are 
present.  Pair  number  one  ranges  in  length  from 
38  to  64,  with  44  to  48  as  the  most  common. 
Two  pairs  of  post-hypostomal  setae  are  present, 
although  pair  number  two  is  sometimes  absent. 

Biology 

Host  preference.  Our  few  records  of  col- 
lection for  this  species  indicate  that  the  pinon 
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mouse,  Perornyscus  Iruci  is  the  most  common 
host  for  the  larval  stage.  Nymphs  were  found 
only  on  the  deer  mouse,  P.  maniculatus, 
whereas  the  adults  were  found  more  frequently 
on  mammals  other  than  rodents.  Cooley  and 
Kohls  (1945)  listed  at  least  19  genera  of  hosts 
for  this  tick,  mostly  from  the  Pacific  coast 
region  of  the  western  United  States.  In  their 
listing,  lizards  were  indicated  as  frequent  hosts 
for  larvae  and  nymphs.  This  was  especially 
true  of  the  alligator  lizard,  Gerrhonotus,  com- 
mon to  the  Pacific  Coast  area,  but  absent  in 
Utah. 

Geographical  and  ecological  distribution. 
The  few  records  are  known  primarily  from  the 
ranges  of  mountains  running  north  and  south 
through  central  Utah.  Ecologically,  the  ticks 
have  been  found  in  desert  shrub  as  well  as  coni- 
ferous   forest   areas. 

Seasonal  activity.  Larvae  and  nymphs 
were  found  in  April  and  July,  adult  males 
and  females  in  July  and  October,  and  females 
also  in  November.  Ticks  were  found  on  the 
pinon  mouse  only  in  April. 

Cooley  and  Kohls  (1945)  listed  records 
for  larvae  from  March  to  June,  nymphs  from 
March  to  June  and  in  January  and  August, 
females  from  January  to  May  and  in  July 
and  November,  and  males  from  February  to 
May,  none  of  these  being  from  Utah. 

Habits  of  infestation.  Usually  no  more 
than  one  tick  of  this  species  was  found  on  a 
host.  However,  one  pinon  mouse  had  five  lar- 
vae, and  a  mule  deer  had  eight  adult  females. 

Larvae,  nymphs  and  adults  were  found  on 
the  same  host  in  July. 

Collection  Records 

Dama   hemionus   hemionus:    Mt.    Nebo,    Utah 

Co.,  22  Oct.   1955,  2  M,  8  F 
Homo  sapiens   (adult) :    Mt.   Nebo,  Utah  Co., 

22  Oct.  1955,  1  F 
Perornyscus  eremicus  eremicus:    Beaver   Dam 
Wash,  Washington  Co.,   16  Apr.   1952, 
2  L 
Perornyscus    maniculatus    ssp.:     Nephi,    Juab 
Co.,  12  July  1952,  1  L,  1  N,  1  M,  1  F 
Provo   Canyon,    Utah   Co.,   26   Apr.    1951, 
4  N 
Peromyscus    truei    ssp.;    Beaver    Dam    Wash, 
Washington    Co.,    17    Apr.    1952,    7    L 
Rush  Valley,  Tooele  Co.,  7  Apr.  1950,  1  L 
Magpie  Nest:    Provo.  Utah  Co.,  9  Oct.   1953, 
1  N,  1  F 
Edmunds    (1951)    listed    additional   records 
from  Utah  as  follows: 

Homo   sapiens:     Bush    Creek,    Beaver    Co., 
Oct.  1938 
Holden,  Millard  Co.,  Oct.  1945 
Pinto.  Washington  Co.,  Oct.  1938 
Beck  (1955)  listed  the  following  Utah  rec- 
ords: 


Cants  familiaris:    Provo,  Utah  Co.,  8  Nov. 

1953,  2  F 
Dama  hemionus:   Silver  City,  Juab  Co.,  17 

17  Oct.  1953,  2  M,  2  F 
Homo  sapiens   (child):   Provo,  Utah  Co.,  6 

Nov.  1953,  1  F 

Ixodes  sculptus  Neimaann,   1904 
(Figs.  22,  23,  24,  56) 

Description  of  the  Larva 

Specimens  examined.  Nineteen  specimens 
were  analyzed.  Of  these,  eighteen  were  col- 
lected from  Thomomys  talpoides  five  miles 
northeast  of  Woodland,  Wasatch  County,  Utah. 
The  remaining  specimen  was  collected  from 
Spermophilus  richardsoni  at  Cadillac,  Saskat- 
chewan, Canada. 

Hypostome.  The  width  varies  from  46  to 
58  with  variations  equally  dispersed  and  show- 
ing an  average  of  51.  The  length  varies  from  64 
to  84  with  variations  equally  dispersed  and 
showing  an  average  of  73.  The  hypostome  is 
oval  in  outline  with  a  moderately  rounded 
apex.    The   denticles   moderately   overlap   and 
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Fig.  24 


are  rounded.  The  files  are  arranged  2/2  to  the 
base  and  3/3  for  a  distance  of  one-eighth  the 
length  of  the  hypostome.  Files  one,  two  and 
three  usually  possess  seven,  six  and  two  den- 
ticles, respectively.  Sometimes  there  is  one 
tooth  more  or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  64  to  81  with  variations  equally  dispersed 
and  showing  an  average  of  70.  The  length 
from  the  base  of  article  two  to  the  tip  of  article 
three  varies  from  94  to  108  with  variations 
equally  dispersed  and  showing  an  average  of 
too.  The  width  of  article  two  at  its  base  varies 
from  31  to  54  with  variations  equally  dispersed 
and  showing  an  average  of  45.  The  inner  and 
outer  margins  of  articles  two  and  three  are 
moderately  to  strongly  convex.  Article  one  bears 
prominent  anterior  and  posterior  spurs.  Article 
four  is  sub-terminal. 

Basis  capituli.  The  posteroventral  margin 
is  broadly  rounded.  The  posterodorsal  margin  is 
flattened  with  a  prominent,  moderately  pointed 
cornu  at  the  posterolateral  margin. 

Scutum.  The  width  varies  from  290  to  305 
with  variations  equally  dispersed  and  showing 
an  average  of  297.  The  length  varies  from 
265  to  333.  with  288  to  292  as  the  most  common. 
The  posterolateral  margin  is  straight  and  ta- 
pers posteriorly  to  a  narrowly  rounded  point. 
There  are  five  pairs  of  scutal  setae.  Setae  one 
and  two.  and  four  and  five  are  closely  grouped. 
One  and  two  are  situated  anterolaterally  while 
four  and  five  are  situated  posterolaterally, 
with  number  three  situated  medially.  Pair 
number  three  ranges  in  length  from  8  to  18. 
with  10  to  13  as  the  most  common. 

Coxae.  Coxa  one  has  a  prominent  ^pur.  The 
anterior    and    posterior    margins    are    straight. 


There  are  three  setae  present.  Coxa  two  has 
a  slight  inner  ndge.  The  anterior  and  poster- 
ior margins  of  coxa  two  are  straight.  There  are 
two  setae  present. 

General  body  setae.  Six  to  eight  pairs  of 
marginal  dorsal  setae  are  present.  Pair  mamber 
one  ranges  in  length  from  18  to  50,  with  20 
to  30  as  the  most  common.  Two  pairs  of  central 
dorsal  setae  are  present.  Pair  number  one  ranges 
in  length  from  12  to  29,  with  16  to  20  as  the 
most  common.  Three  pairs  of  sternal  setae  are 
present.  Pair  number  one  ranges  in  length 
from  23  to  31,  wath  26  to  30  as  the  most  com- 
mon. The  setae  are  arranged  in  a  triangular 
outline.  Two  pairs  of  pre-anal  setae  are  present. 
Pair  momber  one  ranges  in  length  from  17 
to  26,  wdth  18  and  19  as  the  most  common. 
Four  pairs  of  pre-marginal  setae  are  present. 
Pair  number  one  ranges  in  length  from  16 
to  24  with  variations  equally  dispersed  and 
showing  an  average  of  19.  Four  (sometimes 
three)  pairs  of  marginal  ventral  setae  are  pres- 
ent. Pair  number  one  ranges  in  length  from 
12  to  24,  with  17  to  24  as  the  most  common. 
Two  pairs  of  post-hypostomal  setae  are  present. 

Biology 

Host  preference.  Relatively  few  animals 
were  found  infested  with  larvae,  and  no  host 
species  was  infested  more  than  any  other. 

Nymphal  ticks  apparently  select  the  Uinta 
ground  squirrel,  Spermophilus  armatus,  for 
their  preferred  host,  although  this  stage  was 
also  found  on  a  variety  of  other  genera  of  ani- 
mals. 

The  few  adult  female  ticks  collected  were 
taken  most  commonly  from  the  northern  pocket 
gopher,  Thomomys  talpoides.  No  adult  male 
ticks   were   found   by  our  surveys. 

Cooley  and  Kohls  (1945)  listed  at  least  seven 
genera  of  hosts  for  this  tick,  most  of  them  from 
the  western  United  States.  Their  listing  also 
showed  Spermophilus  to  be  the  most  frequently 
infested. 

Geographical  and  ecological  distribution. 
Ixodes  sculptus  was  found  at  higher  elevations 
in  coniferous  forest  regions,  although  some 
collections  were  made  at  lower  elevations  in 
desert  shrub  habitats.  Ticks  collected  at  lower 
elevations  in  desert  areas  probably  were  trans- 
ported there  by  animals  from  higher  eleva- 
tions. 

Seasonal  activity.  Collections  of  all  develop- 
mental stages  were  made  during  June,  July 
and  August.  Adult  females  were  also  taken  in 
April.  This  may  not  be  a  true  picture  of  the 
seasonal  activity,  for  few  host  animals  were 
collected  during  the  other  months  of  the  year 
because  of  their  hibernation  habits  and  the 
relative  inaccessibility  of  the  areas  because  of 
deep  snows.  Ticks  were  found  on  the  Uinta 
ground   squirrel   from  June  to  August,  on  the 
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northern  pocket  gopher  in  April  and  from 
June  to  August,  and  on  other  hosts  mainly  in 
June  and  July. 

Cooley  and  Kohls  (1945)  listed  records  of 
larvae  from  April  to  August,  nymohs  from 
April  to  December,  females  from  February  to 
December,  and  males  from  April  to  Novem- 
ber (except  October). 

Habits  of  infestation.  No  animals  were 
found  heavily  parasitized  with  sculptus  ticks. 
Most  animals  had  only  one  or  two  ticks,  and 
none  was  found  infested  with  more  than  eight 
larvae  or  nymphs.  One  Uinta  ground  squirrel 
was  found  infested  with  five  adult  females. 

Larval  and  nymphal  sculptus  were  found 
together  on  ground  squirrels  both  in  June  and 
August,  and  all  stages  except  adult  males  were 
found  on  a  gopher  in  June. 

Collection  Records 

Cynomys  parvidens    Panguitch    (10  mi.  N), 

Garfield  Co.,  25  July  1952,   1   L 
Marmota  flaviventer  ssp.:    Deep  Creek,  Dag- 
gett Co.,  22  June  1958.  2  L,  6  N 
Microtus  longicaudus  ssp.:  Big  Tree  Camp,  Mt. 
Timpanogos,  Utah  Co.,  22  June   1951, 
2N 
Mt.   Pleasant    (7  mi.   E),   Sanpete   Co.,   2 
Aug.  1951,  8  L 
Microtus  montanus  ssp.:   Delano  Ranger  Sta., 

Beaver  Co.,  25  June  1957,  5  N 
Mustela  frenata  nevadensis-   Provo,  Utah  Co., 
21  Aug.  1951,  1  F 
Cedar    Breaks    Nat.    Mon.,    Iron    Co.,    18 
July  1953,  3  F 
Ochotona  princeps  ssp.:  Pole  Creek  Mtn.,  Duch- 
esne Co.,  24  Aug.  1957,  41  N 
Perognathus  longimembris  ssp.:  Joy,  Juab  Co., 

1  June  1951, 1  N 
Spermophilus  armatus  Current  Creek,  Wasatch 
Co.,  2  Aug.  1952,  3  F 
Fish   I^ke.   Sevier  Co..   11   Julv   1952,   1    N 
Lake  Creek  Simimit   (6  mi.  W),  Wasatch 

Co.,  7  Aug.  1953,  2  L,  5  N 
Laketown,  Rich  Co.,  26  June  1953,  2  L,  1  N 
Mt.   Pleasant   (11    mi.  E),  Sanpete  Co.,   1 

Aug.  1951,  2  L,  1  N 
Soldiers  Summit,  Wasatch  Co.,  7  June  1951, 

4N 
Strawberry    Reservoir,    Wasatch    Co.,    28 

June  1951,  16  N 
Summit  Co.,  13  June  1938  (RML) 
Woodland.  Wasatch  Co.,   18  June  1953,  7 
L,  5  N,  5  F 
Spermophilus   beldingi   crebrus-    Goose    Creek 
Mountains,  Box  Elder  Co.,  9  May  1952 
Lynn,  Box  Elder  Co.,  10  June  1957,  2  N 
Spermophilus  lateralis  ssp.:  Cedar  Breaks  Nat. 
Mon..  Iron  Co.,  18  July  1953,  1  F 
Delano  Ranger  Sta.,  Beaver  Co.,  25  June 

1957,  3  L 
Woodruff,  Rich  Co.,  24  June  1953,  6  N 


Spermophilus  richardsoni  ssp.:  Randolph,  Rich 

Co.,  17  July  1951,  1  F 
Taxidea  taxus  ssp  :  Deer  Creek  Dam.  Wasatch 

Co.,  26  July  1952,  1  F 
Thomomys  talpoides  ssp.:    Cedar  Breaks  Nat. 
Mon..  Iron  Co..  19  July  1953,  1   F 
Delano  Ranger  Sta.,  Beaver  Co.,  25  June 

1957,  6  N 
Fish  Lake,  Sevier  Co.,  5  Aug.  1952,  3  N 
Kigalia  Ranger  Sta.,  San  Juan  Co.,  9  June 

1953,  4  F 
Provo,  Utah  Co.,  14  Apr.  1951,  1  F 
Woodland  (5  mi.  NE),  Summit  Co.,  17  June 
1953,53  L.  2N,  6F 
Zapus  princeps  ssp  :  Big  Tree  Camp.  Mt.  Timp- 
anogos, Utah  Co.,  22  June  1951,  1  L 
Host  Unknown:  Lucin,  Box  Elder  Co.,  18  June 
1952,   1   L 
Additional  Utah   records  listed  by   Cooley 
and  Kohls    (1945)   are  as  follows: 

Spermophilus  armatus:  Rich  Co.,  May  1938, 
1  F 
Summit   Co.,  June    1938,    1    N,   2  F,   3 
Adults 
Edmunds  ( 1 95 1 )  listed  the  following  records 
for  Utah: 

Spermophilus     armatus:      Logan     Canyon, 

Cache  Co.,  Mar.  1942 
Thomomrs  sp.:  Gooseberry  Ranger  Sta.,  San 
Juan  Co.,  July  1947 
Monticello    (5   mi.   W),   San   Juan   Co.. 
July  1947 

Ixodes  spinipalpis  Hadwen  and  Nuttall,  1916 

(Figs.  25,  26,  27.  56) 

Description  of  the  Larva 
Specimens  examined.     Thirteen    specimens 
were  analyzed.    Of  these,  eleven  were  collected 
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Fig.  26 


from  Peromyscus  rnaniculatus  at  Marysvale. 
Piute  County,  Utah.  The  i-emainiug  two  were 
collected  by  J.  D.  Gregson  from  P.  rnaniculatus 
at  Silver  Creek,  B.  C.  Canada. 

Hypostome.  The  width  varies  from  44  to 
48  with  variations  equally  dispersed  and  show- 
ing an  average  of  47.  The  length  varies  from 
101  to  114  with  110  to  114  as  the  most  com- 
mon. The  sides  are  the  widest  at  the  mid-point 
and  taper  to  a  moderately  rounded  ape.x.  The 
denticles  are  moderately  pointed  and  overlap. 
The  files  are  arranged  2/2  and  3/3  for  a  dis- 
tance of  seven-eighths  and  one-third,  respective- 
ly, of  the  hypostome  length.  Files  one.  two  and 
three  usually  have  ten.  eight  and  four  denticles, 
respectively.  Sometimes  there  is  one  tooth  more 
or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  36  to  54  with  variations  equally  dispersed 
and  showing  an  average  of  47.  The  length  from 


the  base  of  article  two  to  the  tip  of  article  three 
varies  from  134  to  150,  with  138  to  144  as  the 
most  common.  The  width  of  article  two  at  its 
base  varies  from  23  to  36  with  variations  equally 
dispersed  and  showing  an  average  of  29.  Art- 
icle one  has  neither  anterior  nor  posterior  pro- 
jections. The  inner  margins  are  straight.  Article 
four  is  sub-terminal. 

Basis  capituli.  The  ventrolateral  margin 
tapers  medially  to  a  narrow,  blunt  posterior 
margin.  Ridged  auriculae  are  present  medially 
to  the  posterolateral  curvature  on  the  venter. 
The  posterodorsal  margin  is  flattened  with 
posterolateral  extensions  which  vary  from  being 
pointed  to  slightly  rounded. 

Scutum.  The  width  measurements  were  not 
made  since  the  lateral  margins  were  indistinct. 
The  length  varies  from  285  to  310  with  292 
as  the  most  common.  The  posterior  margin  is 
uniformly  rounded.  There  are  five  pairs  of 
scutal  setae.  Setae  one  and  two,  and  tour  and 
five  are  closely  grouped,  with  four  and  five  sit- 
uated at  the  posterolateral  curvature.  Pair  three 
is  situated  medially  and  ranges  in  length  from 
22  to  32  with  30  as  the  most  common. 

Coxae.  Coxa  one  has  a  prominent  inner 
spur,  attenuated  in  shape.  The  outer  spur  is 
about  one-sixth  as  large  as  the  inner  spur.  There 
are  three  setae  present.  Coxa  two  is  oval  ex- 
cept for  the  lateral  margin.  A  small  outer  spur 
is  present.  There  are  two  setae  present.  Coxa 
three  lacks  spurs  or  tubercles.  The  posterior 
margin  is  straight  to  convex.  The  anterior  mar- 
gin is  straight  to  slightly  concave.  There  are 
three  setae  present. 

General  body  setae  Seven  pairs  of  marginal 
dorsal  setae  are  present.  Pair  number  one  i-anges 
in  length  from  52  to  74,  with  55  to  66  as  the 
most  common.  Two  pairs  of  central  dorsal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  24  to  35.  with  30  to  34  as  the  most  com- 
mon. There  is  one  pair  of  supplementary  setae 
which  ranges  in  length  from  20  to  48,  with  20 
to  30  as  the  most  common.  Three  pairs  of  ster- 
nal setae  are  present.  Pair  number  one  ranges 
in  length  from  44  to  59  with  variations  equally 
dispersed  and  showing  an  average  of  48.  The 
setae  are  arranged  in  a  triangular  outline.  Two 
pairs  of  pre-anal  setae  are  present.  Pair  num- 
ber one  ranges  in  length  from  32  to  44  with 
variations  equally  dispersed  and  showing  an 
average  of  36.  Four  pairs  of  pre-marginal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  30  to  44  with  variations  equally  dis- 
persed and  showing  an  average  of  36.  Four 
pairs  of  marginal  ventral  setae  are  present. 
Pair  number  one  ranges  in  length  from  24  to 
48,  with  36  to  42  as  the  most  common.  Two 
pairs  of  post-hypostomal  setae  are  present. 
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Biology 

Host  preference.  Larvae  of  spinipalpis  were 
found  more  frequently  on  deer  mice  than  on 
other  species  of  animals.  The  few  nymphs  taken 
were  found  most  commonly  on  the  pika, 
Ochotona  princeps.  The  single  collections  of 
adult  males  and  females  also  were  taken  from 
pikas. 

Cooley  and  Kohls  (  1945)  listed  five  genera 
of  hosts  for  this  tick  from  the  western  United 
States. 

Geographical  and  ecological  distribution. 
This  species  of  tick  probably  is  statewide  in  its 
distribution.  It  was  collected  about  equally  from 
desert  shrub  and  coniferous  forest  areas,  al- 
though in  Utah  it  likely  is  more  common  at 
higher  elevations. 

Seasonal  activity.  Seasonally,  larvae  were 
collected  from  April  through  September, 
nymphs  from  April  through  December  (except 
August),  an  adult  male  in  September  and  an 
adult  female  in  .Tuly.  Ticks  were  taken  from 
deer  mice  in  April,  June,  August  and  October, 
from  pikas  in  July,  September  and  November, 
and  from  all  other  hosts  only  from  April  to 
June. 

Cooley  and  Kohls  (1945)  listed  records  of 
larvae  in  February,  nymphs  from  February  to 
October  (except  March,  June  and  July),  fe- 
males from  April  to  December  (except  July), 
and  males  in  February,  April.  August,  Septem- 
ber and  October. 

Habits  of  infestation.  Seldom  was  more  than 
one  specimen  of  the  same  stage  of  this  species 
found  on  a  single  host  animal.  However,  a  deer 
mouse,  Peromyscus  maniculatus,  was  infested 
wdth  19  larvae,  and  two  pikas  with  10  and  16 
larvae,  respectively. 

Larvae  and  nymphs  were  found  together  on 
the  same  animal  in  July. 

Collection  Records 

Dipodomys  merriami  ssp.;  Beaver  Dam  Wash, 

Washington  Co.,  21  Dec.  1950,  1  N 
Neotoma   lepida   ssp.:    Marysvale,    Piute    Co., 

27  June,  1952,  3  L 
Ochotona   princeps    ssp.:    Baldy   Lake,    Duch- 
esne Co.,  7  Sept.  1952,  5  L,  1  N,  1  F 
Cedar  Breaks  Nat.  Mon.,  Iron  Co..  20  July 

1953,  16  L,  2  N,  1  F 
Mt.  Timpanogos,  Utah  Co..  8  Nov.  1958.  1  N 
Wolf  creek   Summit,  Wasatch  Co.,    7   Sept. 
1953,  10  L,  1  N 
Peromyscus  maniculatus  ssp.:  Callao,  Juab  Co. 
12  Aug.  1953,  1  L 
Palmyra  Forest  Camp,  Diamond  Fork  Can- 
yon, Utah  Co.,  26  June  1951,  4  L 
Provo  Canyon,  Utah  Co.,  26  Apr.  1951,  1  L 
Peromyscus    truei    ssp.:    Beaver    Dam    Wash, 
Washington  Co.,  27  June  1952.  3  L 
Marysvale,  Piute  Co.,  27  June,  1952,  3  L 


Rock  Canyon,  Utah  Co.,  22  May  1952,  7  L 

Sorex  vagrans  monticola    Provo  Canyon,  Utah 

Co.,  26  Apr.  1951,  11  L 

Edmunds  (1951)  listed  a  Utah  record,  host 

unknown,   collected   near  Ouray,   Uintah   Co., 

in  1946. 

Additional  records  for  Utah  are  listed  by 
Beck  (1955)  as  follows: 

Onychomys  leucogaster:  Kanab  (50  mi.  E). 

KaneCo.,  8May  1952,  1  N 
Perognathus  formosus:   Beaver  Dam  Slope, 

Washington  Co.,  17  Apr.  1952,  3  N 
Peromyscus  eremicus:    Beaver  Dam   Slope, 
Washington  Co.,  15  Apr.  1952,  2  N 
Peromyscus  maniculatus:   Marysvale,  Piute 
Co.,  27  June  1952,21  L.4N 
Provo.  Utah  Co..  14  Oct.  1949,  1  N 

Ixodes  texanus  Banks,  1908 
(Figs.  28,  29,  30,  56) 

Description  of  the  Larva 

Specimens  examined.  Eighteen  specimens 
were  analyzed.  Of  these,  sixteen  were  lab-reared 
and  received  from  C.  M.  Clifford,  University 
of  Maryland.  The  remaining  two  were  collected 
by  R.  B.  Eads  from  a  red  fox  in  Limestone 
County,    Texas. 


Fig.  28 


Fig.  29 
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Hypostome.  The  width  varies  from  45  to 
60,  with  54  to  58  as  the  most  common.  The 
length  varies  from  55  to  108  with  60  as  the 
most  common.  The  hypostome  is  shghtly  oval 
in  outline.  The  denticles  are  separated  with 
only  slight  overlapping,  and  are  moderately 
pointed.  Denticles  of  files  one  and  two  are  ar- 
ranged 2/2  to  the  base.  Files  one,  two  and 
three  usually  possess  seven,  six  and  one  den- 
ticles, respectively.  Sometimes  there  is  one  tooth 
more  or  less  per  file. 

Palpi.  The  width  at  the  widest  point  varies 
from  48  to  72  with  66  as  the  most  common. 
The  length  from  the  base  of  article  two  to  the 
tip  of  article  three  varies  from  102  to  116  with 
variations  equally  dispersed  and  showing  an 
average  of  111.  The  width  of  article  two  at  its 
base  varies  from  28  to  42  with  42  as  the  most 
common.  Article  one  has  neither  anterior  nor 
posterior  projections  and  is  about  one-third  as 
large  as  the  hypostome.  The  inner  margins  of 
articles  two  and  three  are  strongly  convex, 
while  the  outer  margins  are  straight.  Article 
foiu-  is  sub-terminal. 

Basis  capituli.  The  ventrolateral  margin  ta- 
pers medially  to  a  narrow,  blunt  posterior  mar- 
gin. The  posterodorsal  margin  is  flattened  with 
a  small,  round  to  pointed  posterolateral  exten- 
sion. 

Scutum.  The  width  varies  from  292  to  335 
with  variations  equally  dispersed  and  show- 
ing an  average  of  311.  The  length  varies  from 
252  to  319  with  270  as  the  most  common.  The 
posterior  margin  is  rounded.  There  are  five 
pairs  of  setae  present.  Setae  one,  two.  four  and 
five  are  equally  spaced  along  the  lateral  and 
posterolateral  margin.  Pair  three  is  situated 
medially  and  slightly  anteriorly,  and  ranges 
in  length  from  24  to  37.  with  30  to  31  as  the 
most  common. 

Coxae.  Coxa  one  has  a  sightly  rounded,  in- 
ner spur.  There  are  three  setae  present.  The 


anterior  and  posterior  margins  of  coxa  two  are 
straight.  There  are  two  setae  present.  Coxa  three 
lacks  spurs  or  tubercles.  The  anterior  and  post- 
erior margins  are  straight  to  slightly  concave. 
There  are  two  setae  present. 

General  body  setae.  Nine  (sometimes  eight) 
pairs  of  marginal  dorsal  setae  are  present. 
Pair  number  one  ranges  in  length  from  30  to 
40  with  30  as  the  most  common.  Two  pairs  of 
central  dorsal  setae  are  present.  Pair  number 
one  ranges  in  length  from  25  to  42  with  30  as 
the  most  common.  The  setae  are  arranged  in  a 
triangular  outline.  Two  pairs  of  pre-anal  setae 
are  present.  Pair  number  one  ranges  in  length 
from  19  to  28  with  24  as  the  most  common. 
Four  pairs  of  pre-marginal  setae  are  present. 
Pair  number  one  ranges  in  length  from  22  to 
36,  with  24  to  26  as  the  most  common.  Two 
pairs  of  post-hypostomal  setae  are  present. 

Biology 

Host  preference.     Rarely   collected    in    our 

surveys,  this  species  was  found  only  on  preda- 
tory animals:  long-tailed  weasel,  Mustela  fren- 
aia.  mink,  M.  vison,  Martes  sp.,  and  the  wes- 
tern spotted  skunk,  Spilogale  gracilis. 

Cooley  and  Kohls  (1945)  listed  eight  genera 
of  hosts  for  this  tick. 

Seasonal  activity.  Nymphs  were  found  in 
July  and  August,  and  adult  females  in  May, 
June  and  August.  Larvae  were  found  only  in 
August,  and  no  adult  males  were  collected. 

Cooley  and  Kohls  (1945)  listed  collec- 
tions of  larvae  in  April,  nymphs. in  January, 
March,  April  and  December,  females  from  Jan- 
uary to  July  and  in  December,  and  males  in 
March. 

Habits  of  infestation.  A  marten  was  in- 
fested with  107  larvae,  and  one  skunk  was  in- 
fested with  11  nymphs.  All  other  collections 
consisted  of  only  one  tick  per  host.  Nymphs 
and  adults  were  found  on  the  same  host  ani- 
mal   in    August. 

Collection  Records 

Martes   sp.:    B?)ld    Mtn  .    Summit   Co.   8   Aug. 
1957.   107  L 
Beck  (1955)  listed  several  Utah  records  as 
follows: 

Mustela  vision:  La  Sal  Mtns  ,  San  Juan  Co.. 

6  May  1949,  2  F 
Mustela  frenata:   Cedar  Breaks  Nat.  Mon., 

Iron  Co..  18  July  1953.  2  N 
Spilogale  gracilis:  Callao,  Juab  Co.  12  Aug. 
1953.  11  N,  1  F 
Kingston.  Piute  Co..  26  June  1952.  1  F 

Ixodes  sp. 
In  our  collections  were  a  number  of  speci- 
mens   that   were   mutilated    too   severely   to  be 
identified.   There  were  also  several   specimens 
which   were  sufficiently  different  morpholog- 
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ically  that  some  question  exists  as  to  their  spe- 
cific placement.  These  records  are  listed  be- 
low as  Ixodes  sp. 

Cynomys   leucurus-    Roosevelt,   Duchesne   Co., 

21  Aug.  1952,  3  L 
Dipodomys  microvs  ssp.:    Beaver  Dam  Slope, 
Washington  Co.,  22  Apr.  1955,  1  L 
Chimney    Rock    Pass,    Utah    Co.,    23    Apr. 
1953,   1   L 
Dipodomys  ordii  ssp.:  Cedar  Valley,  Utah  Co., 
28  Feb.  1953,  1  L 
Chimney   Rock    Pass,    Utah    Co.,    23    Apr. 

1953    2  L 
Lucin,  Box  Elder  Co.,   11   Oct.    1952,  7  L; 
14  Feb.  1953,  3  L;  23  May  1953,  1  L 
Eutamias   minimus   ssp.:    George   Creek,    Box 

Elder  Co.,  9  July  1957,  1  L 
Microtus  longicaudus  ssp.:  Aspen  Grove,  Utah 

Co.,  22  June  1951,  1  L 
Mustela  frenata  nevadensis-  Cedar  Breaks  Nat. 

Mon.,  Iron  Co.,  18  July  1953,  2  N 
Onychomys  leucogaster  ssp.:  Lucin,  Box  Elder 

Co.,  14  Feb.  1953,  2  L 
Onychomys  torridus  longicaudus:  Beaver  Dam 
Wash,  Washington  Co.,   17  Apr.   1952, 
3  L 
Onychomys  sp.:  Toquerville,  Washington  Co., 

5  Sept.  1951,  1  L 
Perognathus  formosus  ssp.:   Grafton,  Washing- 
ton Co.,  5  Apr.   1952,  6  L 
Perognathus  longimembris  ssp.:    Beaver  Dam 
Wash,  Washington  Co.,  17  Apr.   1952, 
2  L 
Perognathus  parvus  ssp.:   Cedar  Valley,  Utah 

Co.,  1  Nov.   1952,  2  L 
Perognathus   sp.:    Beaver  Dam   Wash,   Wash- 
ington Co.,  15  Apr.  1952,  1  L 
Peromyscus   crinitus   ssp.:    Fairview,    Sanpete 
Co.,  14  Nov.  1953,  1  L 
Genola,  Utah  Co.,  13  Jan.  1952,  1  L 
Wild  Mtn.,  Uintah  Co.,  3  May,  1953,  1  N 
Peromyscus  eremicus   eremicus    Beaver   Dam 
Wash,  Washington  Co.,  17  Apr.   1952, 
2  L 
Grafton,  Washington  Co.,  5  Apr.  1952,  2  L 
Peromyscus  maniculatus  ssp.:   Castledale,  Em- 
ery Co.,  22  May,  1952,  1  L 
Chimney   Rock    Pass,   Utah   Co.,   28    Mar. 
1953,  1  L;  23  Apr.  1953,  7  L;  28  May 
1953,  1  L 
Desert  Range   Exp.    Sta.,   Millard   Co.,    12 

Sept.  1950,  1  L 
Grafton,  Washington  Co.,  5  Apr.  1952,  5  L 
Joy,  Juab  Co.,  1  June  1951,  1  N 
Kanab  (25  mi.  E),  Kane  Co.,  9  May  1952, 

5L 
Lucin,  Box  Elder  Co.,  14  Feb.  1953.  1  L;  24 

May  1953,  1  L 
Marysvale,  Piute  Co.,  27  June  1952,  3  L 
Reithrodontomys  megalotis  ssp.:    Pink  Dunes, 
Kane  Co.,  11  July  1953,  1  F 


Sorex  vagrans  monticola:  Aspen  Grove,   Utah 

Co.,  26  Apr.  1951,  1  L 
Spermophihis  arrnatus:    Strawberry   Reservoir, 

Wasatch  Co.,  28  June  1951,  1   L 
Spermophilus  lateralis  ssp.:  Delano  Ranger  Sta., 

Beaver  Co.,  25  June  1957,  1  L 
Thomomys  talpoides  ssp.:   Delano  Ranger  Sta., 

Beaver    Co.,    25    June    1957,    1    L 

DISCUSSION 

Larval  Intraspecific  Morphological  and 
Anatomical  Variations 

With  the  exception  of  the  setae,  all  major 
intraspecific  differences  observed  were  between 
specimens  from  different  geographical  areas. 
Of  the  specimens  analyzed  in  this  study,  there 
was  a  direct  correlation  between  intraspecific 
morphological  and  anatomical  differences  and 
geographical  distribution.  For  example,  with 
reference  to  specimens  of  ochotonae  from  Utah 
and  Canada,  those  specimens  which  possesed 
similar  characteristics  were  from  the  same 
geographic  area.  The  same  condition  was  also 
observed  with  texonus  from  Texas  and  the 
eastern  United  States,  and  sculptus  from  Utah 
and  Canada. 

There  was  little  difference  between  the 
limits  of  variation  of  certain  structures  of 
specimens  from  a  single  parent  reared  in  the 
laboratory  and  those  specimens  from  several 
different  areas. 

Setae.  Some  variation  in  the  numbers  and 
lengths  of  setae  and  in  the  dimensions  of  other 
structures  between  specimens  of  the  same 
species  were  observed.  In  only  a  few  cases  were 
there  extremes  in  numbers  or  dimensions. 

The  brief  description  and  sketch  of  the  lar- 
va of  angustus  taken  from  Sciurus  hudsonicus 
douglasi  by  Nuttall  et  al.  (1911)  showed 
marked  differences  from  specimens  observed  in 
this  study.  These  differences  were  in  the  nimi- 
ber  of  setae  and  the  presence  or  absence  of  cox- 
al  spurs.  In  his  sketch,  Nuttall  showed  five 
marginal  dorsal  setae,  one  central  dorsal,  no 
pre-marginal,  no  pre-anal,  two  sternal,  and  two 
ventral  setae.  No  coxal  spurs  were  indicated. 
Of  the  specimens  examined  in  this  study, 
seventeen  possessed  eight  marginal  dorsal  setae, 
and  three  had  seven  marginal  dorsal  setae. 
All  twenty  specimens  possessed  two  central 
dorsal  setae,  four  pre-marginal,  one  pre-anal, 
three  sternal,  and  three  marginal  ventral  setae. 
Coxal  spurs  occuiTed  on  all  three  legs.  Lack  of 
detail  in  the  sketch  by  Nuttall  may  indicate 
that  setal  details  were  never  intended  to  be  ac- 
curately shown.  However,  the  absence  of  coxal 
spurs  was  cited  by  Nuttall  as  a  taxonomic 
characteristic.  Statements  made  by  Nuttall  in- 
dicate that  some  adults  were  reared  from 
nymphs  and  that  all  stages  were  found  at  the 
same  time  on   the  host.    However,  no  specific 
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mention  was  made  that  the  larvae  that  were 
studied  were  reared  from  eggs  deposited  by  an 
identifiable  adult.  Bequaert  (1946)  indicated 
that  the  nymphal  drawings  and  descriptions  by 
Nuttall  et  al.  (1911)  were  erroneous.  Since  the 
larva  was  of  the  same  source  as  the  nymphs, 
it  seems  probable  that  the  larval  sketch  was 
also  erroneous.  However,  in  the  present  study, 
angustus  was  also  identified  on  the  basis  of  its 
presence  with  two  identified  nymphs  taken 
from  Peromyscus  crinitus.  Because  of  the  lack 
of  study  of  laboratory  reared  sp>ecimens,  id- 
entity of  these  larvae  as  angustus  is  still  open 
to  question. 

Analysis  of  the  number  of  setae  for  each 
of  the  nine  species  of  Ixodes  larvae  revealed  only 
slight  variations.  When  setae  were  absent  on 
the  specimens  studied,  the  absence  occurred 
most  frequently  with  the  marginal  ventral  setae, 
marginal  dorsal  and  scutal  setae.  It  seems  prob- 
able that  the  setae  of  the  marginal  and  scutal 
areas  are  those  which  are  most  exposed  to  dam- 
age through  handling  and  manipulation.  Al- 
though the  setal  bases  of  missing  setae  could 
usually  be  seen,  inadequate  clearing  and  oc- 
casional folding  of  the  body  margin  made  on  ac- 
curate count  of  the  marginal  setae  or  their  bases 
difficult. 

The  marginal  dorsal  setae  were  more  vari- 
able in  number  than  any  other  group  of  setae. 
Ixodes  muris,  pacificus  and  spinipalpis  show- 
ed no  intraspecific  variations.  One  specimen 
of  kingi  possessed  seven  pairs  of  marginal 
dorsal  setae  as  contrasted  to  eight  pairs  for 
the  other  specimens.  Ixodes  texanus  showed  eq- 
ual variation  between  eight  and  nine  pairs  of 
marginal  dorsal  setae  with  one  specimen  having 
seven  pairs.  A  few  specimens  of  mannotae  pos- 
sessed marginal  dorsal  setae  which  varied  in 
number  from  six  to  nine  pairs.  Variations  from 
seven  to  eight  pairs  of  marginal  dorsal  setae 
were  observed  on  ochotonae.  Ixodes  angustus 
possessed  eight  pairs  of  marginal  dorsal  setae 
except  for  three  specimens  which  possessed 
seven  pairs.  The  marginal  dorsal  setae  of  sculp- 
tus  ranged  between  six  and  eight  pairs. 

The  central  dorsal  setae  of  kingi,  texanus, 
spinipalpis,  ochotonae,  angustus  and  sculptus 
showed  no  intraspecific  variation.  Three  speci- 
mens of  muris  possessed  three  pairs  of  central 
dorsal  setae,  whereas  all  others  pKJSsessed  four 
pairs.  One  specimen  of  pacificus  possessed 
three  pairs  of  central  dorsal  setae;  all  others 
possessed  four  pairs  One  specimen  of  marmo- 
tae  possessed  three  pairs  of  central  dorsal  setae, 
whereas  all  others  had  two  pairs. 

The  supplementary  setae  were  present  only 
on  specimens  of  muris,  pacificus  and  spinipalpis. 
Only  spinipalpis  showed  variation.  The  supple- 
mentary setae  of  two  specimens  apparently 
were  missing.  This  variation  may  be  the  result 


of  broken  setae  whose  bases  were  not  discern- 
able  due  to  inadequate  clearing. 

Intraspecific  variations  of  the  marginal  ven- 
tral setae  were  observed  with  texanus  and  sculp- 
tus. Two  specimens  of  ochotonae  also  showed 
intraspecific  variations. 

Only  one  specimen  of  sculptus  showed  varia- 
tion of  the  pre-marginal  setae.  Four  pairs  were 
common,  but  one  specimen  possessed  three  pairs. 

The  marginal  ventral  setae  of  kingi,  muris, 
pacificus,  spinipalpis,  marmotae  and  angustus 
showed  no  intraspecific  variations.  Ixodes  tex- 
anus showed  equal  variations  between  three 
and  four  pairs  of  setae.  Ixodes  ochotonae  pos- 
sessed three  pairs  of  marginal  ventral  setae 
except  for  two  specimens  which  had  two  and 
four  pairs,  respectively.  I  lalf  of  the  specimens 
of  sculptus  observed  possessed  three  pairs  of 
marginal  ventral  setae,  whereas  the  other  half 
p)OSsessed  four  pairs. 

The  total  percentage  of  setae  found  missing 
on  all  specimens  examined  was  only  4.4  percent. 
Occasionally  extra  setae  were  observed,  but  of 
the  total  number  of  setae  examined  on  all  speci- 
mens, extra  setae  were  observed  in  only  0.4 
percent  of  the  cases. 

Intraspecific  variation  with  regards  to  the 
minimum  lengths  of  setae  was  found  to  differ 
considerably  in  some  cases  (Tables  1  and  2). 
The  range  of  variation  of  the  scutal  setae  of 
texanus  was  6  microns,  whereas  with  spinipal- 
pis the  range  was  20  microns.  The  length  of 
the  marginal  dorsal  setae  of  kingi  varied  5  mi- 
crons (except  for  one  extreme),  whereas  those 
of  spinipalpis  varied  as  much  as  22  microns. 
The  range  of  variation  of  the  central  dorsal  setas 
of  kingi  was  only  6  microns,  whereas  pacificus 
varied  as  much  as  16  microns.  The  supple- 
mentary setae  of  muris  varied  within  10  mi- 
crons, whereas  those  of  pacificus  varied  up  to 
19  microns.  The  sternal  setae  of  marmotae 
differed  by  4  microns,  whereas  those  of  texanus 
differed  by  18  microns.  The  range  of  variation 
of  the  pre-anal  setae  of  marmotae  was  6  microns, 
whereas  in  pacificus  the  range  was  15  microns. 
The  pre-marginal  setae  of  spinipalpis  varied  by 
6  microns  (with  two  extreme  measurements). 
whereas  those  of  pacificus  varied  by  14  microns. 
The  marginal  ventral  setae  of  ki?igi  differed  as 
little  as  5  microns  (with  one  extreme  measure- 
ment), whereas  those  of  pacificus  varied  as 
much  as  28  microns. 

Hypostome.  The  length-width  ratio  of  the 
hypostome  of  two  specimens  of  texanus  re- 
moved from  a  red  fox  from  Texas  was  approx- 
imately two  to  one.  Laboratory  reared  speci- 
mens from  the  eastern  United  States  (host  of 
parent  unknown)  had  a  length-width  ratio  of 
one  to  one. 
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Table  1 
Length  comparison  of  certain  setal  measurements" 
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^The  number  of  specimens  examined  is  the    same    as    those   indicated    under   the    section 
Analysis  of  Species. 

''The  number  "1",  etc.  represent  the  number  of  specimens  with  measurements  as  indi- 
cated by  the  dot. 


'^k-kingi;   mu-muris;   t-texanus;   p-pacificus;     sp-spin/palpisj     ma-marmotae;     o-ochotonae; 
a-angustus;  sc-sculptus. 
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Table  2 


Length  comparison  of  certain  setal  measurements* 
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«The  number  of  specimens  examined  is  the    same   as    those   indicated   under   the   section 
Analysis  of  Species. 

•'The  number  "1",  etc.  represent  the  number  of  specimens  with  measurements  as  indi- 
cated by  the  dot. 

<'k-kingi;   mu-muris;   i-texanus;   ^pacijicus;     sp-spinipalpis;     ma-marmotae;     o-ochotonae; 
a-angustus;  sc-sculptus. 
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The  ranges  of  variation  observed  for  the 
hypostome  width  v.'ere  from  3  microns  in  spini- 
palpis  to  11  microns  in  sculptus  (Table  3).  The 
ranges  of  variation  for  the  hypostome  length 
were  from  2  microns  (with  one  extreme  varia- 
tion)  in  marmotae  to  20  microns  in  sculptus. 

Palpi.  Specimens  of  texanus  from  Texas 
showed  a  marked  deviation  from  those  of  the 
eastern   United    States   in   the   basal   vridth  of 


article  two.  The  width  of  the  Texas  forms  was 
approximately  twenty-fiye  percent  (10  mi- 
crons) narrower  than  the  width  of  those  from 
the  eastern  United  States.  The  ranges  of  varia- 
tion observed  for  the  basal  width  of  article 
two  were  from  6  microns  in  marmotae  to  25 
microns  in  sculptus  (Table  4).  The  ranges  of 
variation  for  the  maximum  wddth  of  the  palps 
were  from  6  microns    (with  one  extreme)    in 


Table  3 

Width  and  length  comparisons  of  the  hypostome* 
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°The  number  of  specimens  examined  is  the    same   as    those   indicated   under   the   section 
analysis  of  Species. 

•"The  number  "1",  etc.  represent  the  number  of  specimens  with  measurements  as  indi- 
cated by  the  dot. 

'^k-kingi;  mu-muris;  t-texanus;  p-pacificus;     sp-spinipalpis;    ma-marmotae;    o-ochotonae; 
a-angustus;  sc-sculptus. 
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angustus  to  20  microns  in  sculptus.  The  ranges 
of  variation  of  the  palpal  length  (excluding  ar- 
ticle one)  were  from  10  microns  in  angustus 
to  18  microns  in  ochotonae. 

Basis  capituli.  Intraspecific  variation  of  the 
posterolateral  margin  of  the  basis  was  most  ob- 
vious on  specimens  of  ochotonae .  Of  eighteen 
specimens  of  ochotonae  taken  from  pikas,  four 
specimens  from  Utah  possessed  a  bluntly 
rounded  posterolateral  margin.  The  remaining 
fourteen  from  British  Columbia,  Canada,  had 
sharply  pointed  lateral  extensions  on  the  pos- 
terolateral margin.   Some  specimens  showed  a 


tendency  toward  roundness  but  none  achieved 
it  to  a  degree  comparable  to  the  Utah  forms. 

In  nineteen  specimens  of  sculptus  taken  from 
Thomomys  talpoides  in  Utah,  the  anterodorsal 
margin  of  the  basis  was  strongly  convex.  In  a 
single  Canadian  specimen  found  on  Spermo- 
philus  richardsoni ,  the  basis  bluntly  termin- 
ated at  the  anterodorsal  margin. 

Scutum.  The  only  intraspecific  scutal  vari- 
ation observed  was  between  four  specimens  of 
ochotonae  collected  from  Ochotona  princeps  in 
Utah,  and  fourteen  specimens  from  the  same 
host  species  in  British  Columbia,  Canada.  On 
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'The  number  of  specimens  examined  is  the  same  as  those  indicated  under  the  section 
Analysis  of  Species. 

•"The  number  "1",  etc.  represent  the  number  of  specimens  with  measurements  as  indi- 
cated by  the  dot. 

'^k-kingi;  mu-muris;  t-tejcanus;  p-pacificus;  sp-spinipalpis;  ma-marmotae;  oochotonae; 
a-angustus;  sc-sculptus. 
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the  Canadian  specimens  the  lateral  margin  of 
the  scutum  was  indistinct,  appearing  to  blend 
wdth  the  lateral  body  margin.  Four  Utah  speci- 
mens showed  a  distinct  lateral  margin. 

The  ranges  of  variation  observed  for  the 
scutum  width  were  from  4  microns  (with 
three  extremes)  in  muris  to  46  microns  in 
marmotae  (Table  5).  The  ranges  of  variation 
observed  for  the  scutum  length  were  from  9 
microns  (with  three  extremes)  in  kingi  to  58 
microns  for  angustus. 

Coxae.  The  inner  spur  on  coxa  I  on  speci- 
mens of  texanus  from  the  eastern  United  States 
showed  a  marked  variation  in  contrast  to  speci- 
mens from  Texas.  The  eastern  forms  possessed 
a  small  inner  spur  which  appeared  to  blend  in 
with  the  posteromedial  margin.  The  spurs  on 
the  two  Texas  specimens  were  large,  promi- 
nent and  appeared  separate  from  the  coxal 
margin. 

It  is  apparent  from  this  study  that  intra- 
specific  variation  differs  in  degree  with  refer- 
ence to  specific  structures  on  ticks  from  differ- 
ent geographic  areas  and  different  host  animals. 
This  follows  the  general  pattern  of  geographical 
races  (subspecies)  and  eventually  species  iso- 
lation. Obviously  those  structures  which  may  be 
used  for  the  separation  of  species  must  be  of 
the  least  intraspecific  variation  and  must  differ 
considerably  interspecifically. 

Larval  Interspecific  Morphological  and 
Anatomical  Differences 

Setae.  The  nimibers  of  scutal  setae,  post- 
hypostomal,  sternal,  pre-anal  and  pre-marginal 
setae,  and  setae  of  coxae  I  and  II  showed  no 
interspecific  differences. 

Because  of  the  intraspecific  variation  of  the 
marginal  dorsal  setae  (Table  6),  these  setae 
were  of  little  taxonomic  value  for  the  separation 
of  most  species.  However,  they  were  useful  to 
distinguish  texanus  from  muris,  pacificus  and 
spinipalpis. 

The  central  dorsal  setae  were  used  to  sepa- 
rate the  larvae  into  two  groups  which  included 
those  larvae  with  two  pairs  of  central  dorsal 
setae  as  contrasted  to  those  with  three  or  more 
pairs.  One  specimen  in  each  of  the  species 
pacificus  and  marmotae  was  observed  to  pos- 
sess three  pairs. 

The  presence  of  supplementary  setae  sepa- 
rated muris,  pacificus  and  spinipalpis  from  the 
other  six  species  which  lacked  them.  However, 
two  of  thirteen  specimens  of  spinipalpis  ex- 
amined lacked  supplementary  setae. 

The  presence  of  three  pairs  of  marginal 
ventral  setae  separated  marmotae  and  angustus 
from  kingi,  muris,  pacificus  and  spinipalpis 
which  possessed  four  pairs.  Because  of  the 
variability  in  the  number  of  setae  demonstrated 
by  texanus,  ochotonae  and  sculptus,   the  mar- 
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Table  5 
Width  and  length  comparisons  of  the  scutum* 
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*The  number  of  specimens  examined  is 
the  same  as  those  indicated  under  the  section 
Analysis  of  Species. 

''The  number  "1",  etc.  represent  the  num- 
of  specimens  with  measurements  as  indicated 
by  the  dot. 

"^k-kingi;  mu-muris;  X-texanus;  p-pacifi- 
cus;  sp-spinipalpis;  ma-marmotae;  o-ocho- 
tonae;  a-angustus;  sc-sculptus. 

ginal  ventral  setae  were  of  limited  taxonomic 
value  in  separating  these  three  species. 

The  lengths  of  the  scutal  setae  ranged  from 
8  to  18  microns  in  sculptus  to  27  to  36  microns 
in  muris.  A  single  specimen  of  pacificus  showed 
an  extreme  measurement  of  38.  Because  of  the 
overlapping  of  intraspecific  variations,  these 
setae  were  useful  only  in  separating  the  species 
into  major  groups. 

The  lengths  of  the  marginal  dorsal  setae 
varied  from  18  to  31  microns  in  sculptus  to 
73  to  85  for  pacificus.  One  specimen  of  ocho- 
tonae measured  16  microns.  Interspecific  over- 
lapping of  measurements  of  these  setae  limited 
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Table  6 

Comparison  of  Numbers  of  Setae  on  the  Larvae 
of  Nine  Species  of  Ixodes' 


Pairs  of  Setae 

Species  of 
Ixodes 
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sculptus 
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3-4 

2 

spinipalpis 
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1* 

4 

2 
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8-9 

2 
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3-4 

2 

'The  scutal  setae,  sternal,  pre-anal,  pre-marginal,  and  post-hypostomal  setae  and  setae  of  coxae 
I  and  III  show  no  interspecific  differences. 

*No  more  than  two  specimens  were  observed  to  vary  from  this  number. 


the  taxonomic  value  to  the  separation  of  major 
groups  of  species. 

Length  variations  of  the  central  dorsal  setae 
ranged  from  14  to  24  microns  in  marmotae  to 
32  to  48  in  pacificus  with  one  extreme  of  12 
microns  for  sculptus  and  another  of  48  microns 
for  angustus.  These  measurements  were  useful 
taxonomically  only  after  separation  of  several 
species  which  showed  overlapping  lengths. 

The  supplementary  setae  showed  measure- 
ment ranges  from  20  to  30  microns  in  muris 
and  spinipalpis  to  43  to  62  for  pacificus.  Ex- 
cept for  one  specimen  of  spinipalpis  which 
showed  an  extreme  of  47  microns,  these  mea- 
surements were  useful  in  separating  pacificus 
from  muris  and  spinipalpis. 

The  sternal  setae  ranged  in  length  from  23 
to  32  microns  in  sculptus  to  52  to  67  in  muris. 
Overlapping  of  lengths  due  to  intraspecific  varia- 
tions allowed  a  separation  only  into  two  major 
groups. 

Length  variations  of  the  pre-anal  setae 
ranged  from  17  to  23  microns  in  sculptus  to 
37  to  44  for  muris  and  spinipalpis  with  one 
specimen  of  muris  showing  a  measurement  of 
48  microns.  An  initial  separation  by  other 
criteria  was  prerequisite  for  use  of  these  meas- 
urements as  taxonomic  characteristics 


The  pre-marginal  setae  showed  length  vari- 
ations from  16  to  24  microns  in  sculptus  to  38 
to  50  in  muris.  One  specimen  of  sculptus 
showed  a  13  micron  measurement.  Here  again, 
species  separation  was  limited  to  groups  of 
species  which  had  been  separated  by  other 
criteria. 

The  lengths  of  the  marginal  ventral  setae 
varied  from  20  to  24  mircons  in  sculptus  to  37 
to  64  in  pacificus  with  a  single  specimen  of 
sculptus  showing  a  measurement  of  12  microns. 
An  overlapping  of  measurements  between 
species  limited  the  taxonomic  value  of  these 
setae. 

Hypostome.  Interspecific  differences  in  the 
shape  of  the  hypostome  initially  seemed  signi- 
ficant. However,  the  intraspecific  variation  was 
so  great  that  only  limited  group  separation 
was  possible.  The  number  of  denticles  per  file 
remained  fairly  constant  within  the  range  of 
one  tooth.  This  range  of  variation  restricted 
the  use  of  the  files  for  specific  separation  but 
provided  for  separation  of  the  species  into  ma- 
jor groups  (Table  7). 

The  width  of  the  hv'postome  ranged  from 
28  to  36  microns  in  angustus  to  62  to  73  in 
marmotae  (Table  3).  These  measiu-ements  were 
useful  in  separating  angustus  (except  for  one 
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Table  7 

Comparison  of  Structures  of  the  Larvae  of  Nine  Species  of  Ixodes 


Species  of 
Ixodes 

Number   of 

Denticles 

on    Hypostome^ 

File 

Posterolateral 

Extension  of 

Basis 

Capituli 

Lateral 
Margin 

of 
Scutum 

Auriculae 

Location  of 

Palpal 

Article  4 

I 

II 

III 

angustus 

8 

6 

2 

Slight 

Distinct 

Absent 

Subterminal 

kingi 

7 

6 

0-2 

Slight  to 
Prominent 

Distinct 

Absent 

Subterminal 

marmotae 

8 

7 

2 

Absent 

Distinct 

Absent 

Terminal 

muris 

10 

9 

4 

Slight 

Distinct 

Lateral 

Subterminal 

ochotonae 

9 

6 

2 

Prominent 

Indistinct 

Absent 

Subteiininal 

pacificus 

10 

9 

3 

Prominent 

Indistinct 

Medial 

Subterminal 

sculptus 

7 

6 

2 

Prominent 

Distinct 

Absent 

Subterminal 

spinipalpis 

10 

8 

4 

Prominent 

Indistinct 

Medial 

Subterminal 

texanus 

7 

6 

1 

Slight 

Distinct 

Absent 

Subterminal 

^The  number  of  denticles  may  vary  by  one  more  or  less  per  file. 


specimen  of  muris  which  overlapped  angustus) 
and  marmotae  which  were  at  opposite  extremes 
of  the  range  of  variation  for  this  character. 

The  lengtli  of  the  hypostome  varied  from 
60  to  72  microns  in  kingi  to  102  to  117  in 
texanus.  Except  for  two  specimens  of  ochotonae 
which  overlapped  texanus  and  spinipalpis,  the 
latter  two  species  were  separated  from  the  re- 
maining seven  species  which  had  shorter  hypo- 
stomes. 

Palpi.  The  absence  of  intraspecific  vari- 
ations of  palpal  characteristics  as  well  as  con- 
stancy of  some  interspecific  differences  pro- 
vided several  reliable  taxonomic  features.  Of 
the  nine  species  examined,  marmotae  was  the 
only  one  which  showed  a  terminal  location  for 
article  four   (Table  7). 

The  presence  or  absence  of  anterior  and 
posterior  spurs  on  article  one  was  very  useful 
in  species  separation  (Table  8).  The  presence 
of  only  a  posterior  spur  separated  kingi  and 
marmotae  from  the  seven  other  species.  The 
species  ochotonae,  angustus  and  sculptus  had 
both  anterior  and  posterior  spurs,  whereas 
muris,  texanus,  pacificus  and  spinipalpis  had 
neither  anterior  nor  posterior  spurs. 

Measurement  analyses  were  made  to  deter- 
mine the  variations  of  the  palpal  length  ex- 
cluding article  one,  basal  (proximal)  width 
of  article  two,  and  width  of  the  palps  at  the 
widest  point  (excluding  article  one).  The  range 


in  width  of  article  two  varied  from  23  to  37 
microns  for  spinipalpis  to  48  to  54  in  marmo- 
tae and  32  to  48  in  sculptus.  These  measure- 
ments were  of  little  or  no  taxonomic  value 
unless  certain  species  which  showed  an  over- 
lap in  measurements  were  first  separated  by 
other  criteria. 

The  maximum  width  of  the  palps  varied 
from  37  to  54  microns  in  spinipalpis  to  61  to 
82  in  sculptus.  The  overlap  between  species 
due  to  intraspecific  variations  limited  the  taxo- 
nomic value  of  these  measurements. 

The  length  of  the  palps  excluding  article 
one  varied  from  90  to  106  microns  in  kingi  to 
134  to  150  in  spinipalpis.  The  taxonomic  value 
of  these  measurements  was  realized  only  after 
separation  of  certain  species  such  as  pacificus 
and  ochotonae  by  characteristics  other  than 
palpal  measurements. 

Basis  capituli.  Dorsally  the  presence  or  ab- 
sence of  posterolateral  extensions  were  of  some 
taxonomic  value  (Table  7).  Their  use  was 
somewhat  restricted  due  to  the  variable  de- 
gree of  size  and  prominence.  Ixodes  marmotae 
lacked  the  posterolateral  extension  while  muris, 
texanus,  and  angustus  possessed  it  to  a  slight 
degree.  The  posterolateral  extension  of  kingi 
varied  considerably.  Ixodes  pacificus,  spini- 
palpis. ochotonae  and  sculptus  all  possessed 
prominent  posterolateral  extensions.  Ventrally 
the   basis  of  kingi,  texanus,  marmotae,  ocho- 
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Table  8 

Existence  of  Palpal  and  Coxal  Spurs  on  the  Larvae 
of  Nine  Species  of  Ixodes 


Species  of 
Ixodes 

Spur  of  Palpal 
Article  I 

Outer 

Spur^ 

Inner 

Spur' 

Anterior 

Posterior 

Coxa  I 

Coxa  II 

Coxa  II 

Coxa  III 

angustus 
kingi 

Present 

Present 
Present 

Present 

Present  or 
Absent 

marmotae 

Present 

Present 

muris 

Present 

Present 

Present 

ochotonae 

Present 

Present 

Present 

Present 

pacificus 

Present 

Present 

sculptus 

Present 

Present 

Present 

spinipalpis 

Present 

Present 

texanus 

'The  inner  spur  of  Coxa  I  and  outer  spur  of  Coxa  III  show  no  interspecific  differences. 


tonae,  angustus  and  sculptus  lacked  auriculae. 
Ixodes  muris  possessed  a  pair  of  laterally  sit- 
uated auriculae,  whereas  pacificus  and  spini- 
palpis possessed  medially  situated  auriculae. 

Scutum.  The  scutum  on  all  specimens  of 
kingi,  muris,  texanus,  marmotae,  angustus  and 
sculptus  observed  in  this  study  possessed  dis- 
tinctly outlined  lateial  margins  (Table  7).  On 
four  of  eighteen  specimens  of  ochotonae  the 
scuttun  possessed  a  distinctly  outlined  lateral 
margin.  On  specimens  of  pacificus  and  spini- 
palpis the  lateral  margin  of  the  scutum  was 
indistinct. 

The  scutum  ranged  in  width  from  261  to 
307  microns  in  kingi,  to  337  to  382  in  marmotae. 
The  length  ranged  from  228  to  257  in  marmo- 
tae to  222  to  338  in  ochotonae  and  muris.  One 
specimen  of  ochotonae  showed  an  extreme 
length  of  360  microns.  Because  of  interspecific 
overlapping,  the  length  and  width  of  the  scu- 
tum were  useful  only  for  separating  one  or 
two  species. 

Coxae.  Because  of  the  extreme  intraspecific 
variations,  the  shape  of  the  coxae  were  of  little 
value  as  taxonomic  characters.  However,  the 
presence  or  absence  of  coxal  spurs  was  of  taxo- 
nomic significance  (Table  8).  Ixodes  kingi, 
texanus,  marmotae.  ochotonae,  angustus  and 
sculptus  lacked  outer  spurs  on  coxae  I  and  II, 
whereas  muris,  pacificus  and  spinipalpis  pos- 
sessed outer  spurs. 


Ixodes  kingi,  texanus  and  spinipalpis  lacked 
inner  spurs  on  coxae  II  and  III.  Only  ochotonae 
possessed  inner  spurs  on  both  coxae  II  and  III. 
Ixodes  muris,  marmotae,  pacificus  and  sculptus 
possessed  inner  spurs  on  coxae  II,  but  lacked 
them  on  coxae  III.  Ixodes  angustus  possessed 
an  inner  spur  on  coxae  II  and  III.  but  the  inner 
spur  on  coxa  III  was  sometimes  absent. 

The  setae  of  coxae  I  and  II  showed  no  in- 
terspecific differences.  Ixodes  pacificus  pos- 
sessed three  pairs  of  setae  on  coxa  III  whereas 
the  remaining  eight  species  possessed  two  pairs. 

KEY  TO  THE  LARVAE 

As  shown  in  the  discussion  on  intraspecific 
variation  and  interspecific  differences,  most  of 
the  setal  and  structural  characteristics  which 
were  studied  were  of  some  taxonomic  signifi- 
cance. Although  there  were  several  characteris- 
tics peculiar  to  each  species  as  shown  in  tables 
1  to  7.  all  of  these  were  not  included  in  the  fol- 
lowing key.  Only  one  or  two  of  these  characters 
which  were  constant  or  rarely  variable  and 
which  were  easily  seen  were  used.  In  couplet 
3  of  the  key,  ochotonae  and  angustus  were  com- 
bined into  a  complex  because  of  their  close 
similarity  of  gross  characteristics,  and  it  was 
therefore  necessary  to  use  the  more  detailed 
setal  measurements  to  separate  these  two 
species. 
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Key  to  the  Larvae  of  Species  of  the  Genus 
Ixodes  Known  to  Occur  in  Utah 

1.  Posterior  spur  on   palpal   article   I   present    (figs.   31-1,   32-1,   36-1)    2 

Posterior  spur  on  palpal  article  I  absent  (fig.  33-1)   5 


2.  Anterior  spur  on  palpal  article  I  present    (figs.  31-2,  36-2)  3 

Anterior  spur  on  palpal  article  I  absent  (figs.  32-2,  33-2)   4 

3.  Four  pairs  of  MV  setae   (fig.   34-3);  posteroventral  border  of  basis  rounded  (fig.  31-3) 

scitlptus 

Three  pairs  of  MV  setae  (fig.  35-3);  posteroventral  border  of  basis  angled  (figs.  33-3, 

36-3)     {angustus-ochotonae   complex)    8 


4.  Tip  of  hypostome  somewhat  flattened,  with  file  3  present  as  2  teeth  (fig.  37-4)  ....     marmotae 
Tip  of  hypostome  rounded,  without  fUe  3  (fig.  38-4)    (sometimes  1  accessory  tooth 

is  present)  kingi 
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5.  Four  pairs  MV  setae  (figs.  34-3,  39-5);  outer   spurs  on  coxae  I  and  II  present  (fig. 

40-5);  file  3  with  at  least  3  teeth   (fig.  41-5);   supplementary  setae  present    (fig.   42-5) 


Three  pairs  MV  setae  (fig.  43-5) ;  outer  spurs  on  coxae  I  and  II  absent  (fig.  44-5) ;  file 
3  with  only  1  or  2  teeth  (figs.  37-4,  45-5);  supplementary  setae  absent  (fig.  46-5) 


texanus 


6.  MD  setae  short,  subequal  in  length  to  supplementary  setae  (fig.  47-6);  file  3  with  5 

or  more  teeth  (fig.  48-6)  maris 

.MD  setae  long,  half  again  to  twice  as  long  as  supplementary  setae  (fig.  49-6);  file  3 

with  no  more  than  4  teeth   (fig.  50-6)    7 
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7.  Four  pairs  of  CD  setae  (fig.  51-7) 
Two  pairs  of  CD  setae  (fig.  52-7) 


pacificus 
s  pint  pal  pis 


8.  MD  setae  less  than  37  microns  in  length;  CD  setae  less  than  32  microns  in  length 

(fig.  52-8)  ochotonae 

MD  setae  more  than  41  microns  in  length;  CD  setae  more  than  36  microns  in 

length  (fig.  53-8)  angustus 
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Fig.  54     •  /.  angustus 


ARIZONA 


O  /.  angustus — specific  locality  unknown. 
W  /.   marmotae 

0  /    marmotae — specific  locality  unknown. 
A  /    maris 
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Fig.  56      •  /    sculplus  ARIZONA 

O  /    sculptus — specific  locality  unknown. 
0  /.   s  pint  pal  pis 

®  /.  spinipalpis — specific  locality  unknown. 
A  /.  teianus 
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HOST-TICK  RELATIONSHIPS 

It  is  interesting  to  note  the  apparent  ab- 
sence of  Ixodes  on  some  animals  in  Utah, 
whereas  closely  related  species  were  commonly 
infested.  In  the  order  of  bats,  not  a  single 
tick  of  this  genus  was  found  on  651  bats  rep- 
resenting four  genera.  Inasmuch  as  several 
hundred  specimens  of  bats  were  collected 
from  a  single  area  on  the  same  date,  a  broad 
seasonal  sample  was  not  available.  The  appar- 
ent absence  of  Ixodes  on  bats  in  Utah  is  con- 
sistent with  the  records  of  Cooley  and  Kohls 
(1945)   for  the  western  United  States. 

In  the  rabbit  family,  ticks  of  the  genus 
Ixodes  were  found  on  only  a  few  of  107  cot 
tontail  rabbits  (genus  Sylvilagus) .  We  did  not 
find  a  single  animal  of  404  black-tailed  jack 
rabbits  (genus  Lepus)  infested,  although 
Cooley  and  Kohls  (1945)  listed  records  for 
angustus,  spinipalpis,  pacificus  and  sciilptus 
from  Lepus  and  Sylvilagus  in  western  United 
States.  This  is  interesting  inasmuch  as  the  jack 
rabbit  lives  in  the  same  habitat  wdth  the  deer 
mouse,  Peromyscus  maniculatus,  Ord's  kanga- 
roo rat,  Dipodomys  ordii,  and  their  common 
tick,  Ixodes  kingi.  The  pika  (genus  Ochotona), 
a  member  of  a  closely  related  family  was  fre- 
quently found  infested. 

In  the  squirrel  family,  we  did  not  find 
one  of  140  red  squirrels  (genus  Tamiasciurus) 
infested  by  any  species,  although  Cooley  and 
Kohls  (1945)  listed  angustus  from  this  host. 
Prairie  dogs  (genus  Cynomys)  were  commonly 
infested,  as  were  yellow-bellied  marmots  (genus 
Marmota) .  Several  species  of  the  squirrel  genus 
Spermophilus  were  found  infested,  yet  here 
again  there  were  anomalies.  Not  a  single  ani- 
mal of  55  S.  variegatus  examined  was  found 
infested,  nor  any  of  106  Ammospermophilus 
leucurus.  This  is  consistent  with  findings  by 
Cooley  and  Kohls  (1945).  Both  of  these  ani- 
mals live  within  the  ecological  range  of  Ixodes 
kingi,  a  common  parasite  of  the  deer  mouse 
and  the  Ord's  kangaroo  rat  living  in  the  same 
habitat.  Chipmunks  were  found  to  be  infre- 
quently infested.  One  specimen  of  11  Least 
chipmunks,  Eutamias  minimus,  was  found  in- 
fested, yet  not  a  single  animal  of  81  Colorado 
chipmunks,  E.  quadrivittatus,  was  parasitized 
Cooley  and  Kohls  (1945)  listed  records  for  an- 
gustus, kingi,  texanus,  pacificus  and  sculptus 
from  several  species  of  Eutamias. 

The  pocket  gophers  showed  interesting  host 
relationships.  The  northern  pocket  gopher, 
Thomomys  talpoides,  was  frequently  infested. 
Not  a  single  specimen  of  72  Botta's  pocket 
gophers,  T.  bottae,  was  found  infested.  This 
animal  frequently  lives  in  the  same  habitat  as 
the  deer  mouse,  Ord's  kangaroo  rat  and  Ixodes 
kingi. 

The  pocket  mice  and  kangaroo  rats  of  the 


family  Heteromyidae  were  common  hosts  of 
Ixodes  ticks. 

Native  rats  and  mice  were  variable  in  their 
host  relationships.  Whereas  the  white-footed 
mice  (genus  Peromyscus)  were  frequently  in- 
fested, only  a  few  animals  of  122  specimens  of 
the  western  harvest  mouse  (genus  Reithrodon- 
tomys)  possessed  ticks.  The  desert  wood  rat, 
Neotoma  lepida,  was  occasionally  infested,  but 
not  so  for  29  bushy-tailed  wood  rats,  A^.  cinerea. 
Cooley  and  Kohls  (1945)  listed  records  of  an- 
gustus and  ochotonae  from  the  latter  host. 
The  meadow  voles  (genus  Microtus)  were  com- 
monly infested. 

The  non-native  rats  and  mice  (genera  Rat- 
tus   and    Mus)    were    not  found   infested. 

Few  carnivores  that  were  examined  were 
commonly  infested.  Of  the  few  ungulates  ex- 
amined, the  mule  deer  was  infrequently  found 
infested. 

A  considerable  mmiber  of  lizards  and  birds 
were  examined,  but  none  was  infested  with 
Ixodes  ticks.  Cooley  and  Kohls  (1945)  listed 
one  bird  and  several  lizards  as  hosts  for  pacifi- 
cus. 

Following  is  a  summary  of  Ixodes  tick- 
host  relationships  known  to  occur  in  Utah. 

Canis  familiaris  ssp. 

pacificus 
Cynomys  leucurus  Merriam 

kingi 

C.  parvidens  Allen 

sculptus 
Dama  hemionus  hemionus   (Rafinesque) 

pacificus 
Dipodomys  merriami  merriami  Meams 

spinipalpis 

D.  microps  ssp. 

kingi 
D.  ordii  ssp. 

kingi 
Homo  sapiens  ssp. 

pacificus 
Marmota  flaviventer  ssp. 

marmotae 

sculptus 
Martes  sp. 

texanus 
Microtus   longicaudus  ssp. 

sculptus 
M.  montanus  ssp. 

angustus 

sculptus 
Mustela  frenata  nevadensis  Hall 

sculptus 

texanus 
Mustela  sp. 

kingi 
Neotoma  lepida  ssp. 

kingi 

spinipalpis 


Biological  Series  Vol.  1,  No.  4,  January,  1960 


41 


Ochotona  princeps  s'sp. 

angustus 

ochotonae 

sculptus 

spinipalpis 
Onychomys  leucogaster  ssp. 

kingi 

spinipalpis 
O.  torridus  longicaudus  Merriam 

kingi 
Perognathus  formosus  ssp. 

spinipalpis 
P.  longimembris  ssp. 

kingi 

sculptus 
P.  parvus  ssp. 

kingi 
Peromyscus  crinitus  ssp. 

angustus 

kingi 

ochotonae 
P.  eremicus  eremicus  (Baird) 

kingi 

pacificus 

spinipalpis 
P.  maniculatus  ssp. 

angustus 

kingi 

muris 

ochotonae 

pacificus 

spinipalpis 
P.  truei  ssp. 

angustus 

kingi 

ochotonae 

pacificus 

spinipalpis 
Reithrodontomys  niegalotis  ssp. 

kingi 
Sorex  vagrans  monticola  Merriam 

spinipalpis 
Spermophilus  armatus  (Kennicott) 

kingi 

marmotae 

ochotonae 

sculptus 
S.  beldingi  crebrus  Hall 

sculptus 
S.  lateralis  ssp. 

kingi 

marmotae 

ochotonae 

sculptus 
S.  richardsoni  ssp. 

kingi 

sculptus 
Spilogale  gracilis  ssp. 

kingi 

texanus 
Sylvilagus  nuttallii  ssp. 

kingi 


Taxidea  taxus  ssp. 

kingi 

sculptus 
Thomomys  talpoides  ssp. 

kingi 

ochotonae 

sculptus 
Urocyon  cinereoargenteus  scottii  Meams 

angustus 
Zapus  princeps  ssp. 

sculptus 
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oratory, Hamilton,  Montana,  graciously  loaned 
us  specimens  and  identified  many  nymphal  and 
adult  ticks  sent  to  him  from  this  project. 
Others  who  have  loaned  specimens  and  kindly 
contributed  information  are  Carleton  M.  Clif- 
ford of  the  University  of  Maryland,  Richard 
B.  Eads  of  the  Texas  State  Department  of 
Health,  J.  D.  Gregson  of  the  Canadian  De- 
partment of  Agriculture,  and  Allan  Mcintosh 
of  the  U.S.  Department  of  Agriculture. 


ADDENDUM  TO  COLLECTION  RECORDS 

Ixodes  angustus 
Ochotona  princeps:  Puffer  Lake,  Beaver  Co.,  22  July  1953,  3  L 

Ixodes  kingi 
Perognathus  parvus:  Cedai»  Valley,  Utah  Co..  1  Nov.  1952,  1  L 
Reithrodontomys  megalotis:  Chimney  Rock  Pass,  Utah  Co.,  28  Mar.  1953,  2  L 

Ixodes  ochotonae 
Ochotona  princeps:  Baldy  Lake,  Duchesne  Co.,  7  Sept.  1952  5  L 

Wolf  Creek  Summit,  Wasatch  Co.,  6  Aug.  1953,  9  L 

Ixodes  pacificus 
Perognathus  formosus:  Fish  Springs,  Juab  Co.,  15  July  1951,  1  L 

Ixodes  spinipalpis 
Peromyscus  maniculatus:  Marysvale  , Piute  Co.,  27  June  1952, 12  L 
Reithrodontomys  megalotis:  Provo  Canyon,  Utah  Co.,  26  Apr.  1951,  10  L 
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INTRODUCTION 

It  is  becoming  increasingly  evident  that 
the  numerous  comparative  descriptions  of  cer- 
tain saurian  groups,  which  have  been  based 
mainly  on  external  characters  need  to  be  sup- 
plemented by  accounts  of  their  internal  anato- 
my, ecology,  physiology,  cytology,  and  genetics, 
as  suggested  by  Huxley  (1940:1),  in  order  to 
fully  understand  tlie  taxonomic  and  phylogene- 
tic  positions  they  hold.  This  need  is  strongly 
brought  to  mind  when  one  considers  the  long 
confused  case  of  the  genus  Crotaphytiis  Hol- 
brook. 

The  purpose  of  this  study  is  to  describe  and 
compare  features  of  the  anterior  myology  and 
osteology  among  members  of  the  genus  Cro- 
taphytus  for  use,  in  addition  to  external  char- 
acteristics, in  determining  if  it  is  advisable  to 
separate  Gambelia  Baird  as  a  monotypic  genus, 
as  proposed  by  Hobart  M.  Smith  (1946:158- 
166). 

It  is  hoped  that  the  descriptions  and  plates 
herein  will  also  aid  in,  and  encourage  gross 
anatomical  studies  of  reptiles,  add  to  our  un- 
derstanding of  homologies,  and  indicate  some 
of  the  structures  which  are  important  phylo- 
genetically  and  taxonomically. 
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MATERIALS  AND  METHODS 

The  principal  subspecies  used  for  this  study 
have  been  Crotaphytus  wislizeni  wislizeni  Baird 
and  Girard  and  Crotaphytus  collaris  baileyi 
Stejneger.  However,  four  specimens  of  Crota- 
phytus collaris  auriceps  Fitch  and  Taimer  from 
Grand  County,  Utah,  and  three  of  Crotaphytus 
collaris  collaris  Say  from  Anderson  County, 
Kansas,  and  Stephens  County,  Texas,  were  dis- 
sected. 

A  male  and  a  female  of  Crotaphytus  reticu- 
latus  Baird  from  Webb  and  Dimmit  Counties, 
Texas   (snout  to  vent  lengths  115  and  110  re- 

•We   follow  Taylor    I  1955  41 1  412 1    in   considerine   this   manuscript   tu 
1852bl. 


spectively)  were  the  only  representatives  of  this 
species  examined. 

The  sixty-nine  lizards  of  Crotaphytus  w.  wis- 
lizeni included  in  this  study  came  from  Navajo 
County.  Arizona;  Owyhee  County,  Idaho; 
Clark,  Lander,  Lincoln,  Nye,  Storey,  and  White 
Pine  Counties,  Nevada;  and  from  Beaver,  ELm- 
ery,  Garfield,  Grand,  Iron,  Juab,  Kane,  Mil- 
lard, Sanpete,  San  Juan,  Tooele,  Utah,  Wash- 
ington, and  Wayne  Counties,  Utah. 

The  seventy-eight  members  of  Crotaphytus 
c.  baileyi  used  were  collected  in  Coconino,  Gila, 
and  Navajo  Counties,  Arizona;  Chihuahua, 
Mexico;  Ada  and  Owyhee  Counties,  Idaho; 
Clark  County,  Nevada;  and  Emery,  Garfield, 
Grand,  Juab,  Kane,  Millard,  Tooele,  Utah, 
Washington,  and  Wayne  Counties,  Utah. 

The  majority  of  specimens  was  well  pre- 
served in  formalin.  However,  a  few  were  killed 
freshly  by  injecting  water  into  the  abdomen 
and  the  subcutaneous  sinuses.  This  caused  an 
expansion  of  the  muscles  as  a  result  of  osmotic 
pressure,  thus  pennitting  the  recognition  of  as- 
pects which  are  not  so  evident  in  preserved 
material.  Other  specimens  were  injected  or 
subcutaneously  painted  with  45%  aceto-car- 
mine  to  make  the  thin,  superficial  layers  of 
muscle  opaque  enough  to  be  seen  clearly. 

Skeletons  were  prepared  by  bacterial  ac- 
tion or  by  an  overnight  soaking  of  a  fresh, 
skinned  lizard  in  50%  ammonium  hydroxide, 
with  a  subsequent  1-10  minute  period  of  boiling 
in  water.    The  later  method  gave  better  results. 

It  should  be  mentioned  that  the  skull  mea- 
surements included  in  the  statistical  analysis 
section  were  made  from  preserved  specimens, 
carefully  dissected,  and  not  from  skulls  dis- 
torted by  the  cleaning  techniques.  All  the 
measurements  are  in  millimeters  and  were 
made  with  the  aid  of  a  hand  micrometer  and 
a  dissecting  microscope. 

REVIEW  OF  LITERATURE 

The  genus  Crotaphytus  was  first  proposed 
by  John  H.  Holbrook  (1842:79-83),  although 
the  type  species  was  collected  and  described 
earlier  by  Thomas  Say  (James,  1823:252)  as 
Agama  collaris.  In  April  of  1852  Spencer  F. 
Baird  and  Charies  Girard  (1852a:69)*  added 
Crotaphytus  wislizeni  to  the  genus.  A  third 
species.  Crotaphytus  reticulatus,  was  named  by 
Baird   (1858:253). 

The  status  of  the  species  Crotaphytus  insul- 

have    been    published    before    Slansburys    report    (Band    and    Girard. 
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aris  Van  Denburgh  and  Slevin  (1921:96)  and 
that  of  Crotaphytus  dickersonae  Schmidt  (1922: 
638)  have  been  questioned  by  Burt  ( 1928b:  6- 
10)  and  Allen  (1933:7),  but  these  species  are 
retained  as  full  species  by  Smith  and  Taylor 
(1950:93). 

Hobart  M.  Smith  (1946:158-166)  separated 
the  species  wislizeni  into  the  genus  Gambelia, 
having  obtained  this  name  from  Baiid  (1859: 
7),  who  used  it  while  describing  Crotaphytus 
reticulatus,  as  follows:  "More  closely  related 
to  Crotaphytus  collaris  than  to  Crotaphytus 
(Gambelia)  wislizenii"  This,  however,  is  not 
the  original  usage  of  the  word,  since  an  identi- 
cal statement  was  published  a  year  earlier  by 
the  same  author  in  his  original  description  of 
Crotaphytus  reticulatus   (Baird,   1858:253). 

Robert  C.  Stebbins  (1948:219)  and  Karl  P. 
Schmidt  (1953:3)  did  not  accept  the  division 
of  Crotaphytus,  as  proposed  by  Smith  (1946: 
158-166). 

A  complete  list  of  the  synonymy  of  this 
genus  and  its  species  is  too  long  and  involved 
to  be  included  here,  but  can  be  obtained  by 
reference  to  Boulenger  (1885:203-204),  Cope 
(1900:245-261),  Van  Denburgh  (1922:104- 
131)   and  Smith  and  Taylor  (1950:91-94). 

Crotaphytus  h  mentioned  in  a  minority  of 
anatomical  publications  and,  in  them,  is  given 
only  superficial  treatment.  The  only  one  de- 
voted solely  to  this  genus  or  any  of  its  mem- 
bers is  that  by  Dwight  D.  Davis  (1934).  Un- 
fortunately his  descriptions  are  superficial  and 
in  many  cases  incorrect. 

It  appears  that  Cope  (1892:246-247)  was 
the  first  to  do  extensive  osteological  studies  on 
the  North  American  genera  of  lizards.  Later 
studies  are  those  by  Camp  (1923),  Williston 
(1925),  (Goodrich  (1930),  George  (1955).  Oel- 
rich  (1956),  and  Romer  (1956).  Two  helpful 
statistical  studies  of  the  osteology  of  related 
genera  are  those  by  Phleger  (1940)  and  Lund- 
elius   (1957). 

One  of  the  best  early  studies  of  lizard  my- 
ology is  that  of  Mivart  (1867),  while  probably 
the  most  extensive  comparative  work  on  Amer- 
ican lizards  was  done  by  Camp  (1923).  Other 
related  studies  are  those  by  Adams  (1919), 
Romer  (1924),  Edgeworth  (1935),  Olson 
(1936),  Brock  (1938),  Evans  (1939),  George 
(1948).  Kesteven  (1944),  Watson  (1954), 
Oehich  (1956),  and  Sathe  (1959).  Other 
works  available  on  related  forms,  which  are 
pertinent,  are  mentioned  in  their  respective 
sections. 

MYOLOGY 

The  literature  to  date  reveals  no  account 
of  the  myology  of  C.  u'islizcni  and  only  Davis 
(1934)  has  iniblishcd  on  that  of  C.  collaris. 
We  have  therefore  prepared  the  following  des- 
cription of  their  anterior  musculature  as  a  pre- 


requisite to  its   use   for  comparative   purposes. 

The  two  forms  are  similar  except  in  the 
few  cases  mentioned  and  explained  separately 
for  each.  Notes  are  also  made  on  certain  as- 
pects of  the  myology  of  C.  reticulatus. 

The  axial  musculature  was  compared  in 
C.  wislizeni  and  C.  collaris  and  found  to  be 
similar.  However,  no  description  of  these  mus- 
cles has  been  included. 

THROAT  MUSCULATURE 

Intermandibularis  (posterior  and  anterior  pro- 
fundus; Plates  1,  7,  and  8)  is  one  continuous 
sheet  of  thin  muscle  with  various  points  of 
origin,  which  lies  superficial  to  the  majority 
of  the  throat  musculature  and  just  deep  to  the 
skin.  Posteriorly  it  is  of  a  single  muscle  fiber 
in  thickness,  becoming  increasingly  thicker  an- 
teriorly. 

Although  not  separable,  it  is  convenient  to 
consider  this  muscle  as  being  of  two  parts:  1) 
intennandibularis  posterior  and  2)  interman- 
dibularis anterior  profundus.  The  interman- 
dibularis has  been  found  to  be  separable  into 
these  two  parts  in  Ctenosaura  by  Oelrich 
(1956). 

The  intermandibularis  anterior  profundus 
portion  of  this  muscle  lies  just  anterior  to  the 
intermandibularis  posterior  part,  and  is  sep- 
arable from  it,  only  by  having  a  more  dorsal 
origin.  The  two  become  continuous  mesially. 
This  anterior  profundus  part  arises  from  the 
mesial  surfaces  of  the  splenial  and  coronoid 
bones  and  by  a  tendon  along  the  crista  dentalis. 
Its  anterior  fibers  traverse  the  throat  antero- 
mesially  to  insert  on  the  ventral  mid-line  raphe 
with  its  partner,  deep  to  the  intermandibularis 
anterior  superficialis.  Its  posterior  fibers 
emerge  to  the  ventral  surface  by  means  of 
three  or  four  interdigitations  with  the  first 
mandibulohyoideus  muscle  and  then  pass  trans- 
versely to  insert  on  the  mid-line  raphe. 

The  intermandibularis  posterior  part  of  this 
muscle  may  be  delimitated  anteriorly  by  the 
most  posterior  interdigitation  of  the  anterior 
profundus  section  with  which  it  becomes 
continuous  mesially.  Posteriorly,  this  muscle 
is  separated  from  the  constrictor  colli  by  a  nar- 
row area  of  aponeurosis  lacking  muscle  fibers 
It  arises  from  the  lateral  surface  of  approxi- 
mately the  posterior  one-half  of  the  mandible. 
The  margin  of  its  origin  begins  at  the  retroar- 
ticular  process  of  the  articular  and  passes  an- 
teroventrally  across  the  supra-angular  and  an- 

?ular  and  then  anteriorly  on  the  ventral  sur- 
ace  of  the  dentary.  A  few  of  its  fibers  pass 
dorsally  just  posterior  to  the  pterygomandibu- 
laris  and  mesial  to  the  depressor  mandibularis, 
to  take  origin  from  the  deep  fascia  of  the  latter. 
Its  fibers  pass  transversely  and  slightly  anter- 
iorly to  insert  on  the  ventral  mid-line  raphe 
which    widens    into   an   aponeurotic   sheet    pos- 
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The  drawings   were  made  from   adult  specimens  of  Crotaphytus  wislizeni  and  are  shown  en- 
larged to  approximately  four  tmies  the  actual  lizard  size 
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Plate      1  — Ventral  view  of  head  and   thorax,  superficial   layer  shown  at  right  and  first  depth 
at  left 
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teriorly,  leaving  a  broad  gap  between  the  inser- 
tions of  the  partners  from  opposite  sides.  A  pos- 
terolateral part  of  this  muscle  is  overlain  by  the 
insertion  of  the  posterior  bundle  of  the  de- 
pressor mandibularis  in  Crotaphytus  wishzeni. 
The  posterior  division  of  the  intermandi- 
bularis  posterior  which  was  reported  for  Cten- 
osaura  pectinata  by  Oelrich  (1956:48-49)  was 
not  observed  in  these  species. 

Intermandibularis  anterior  supcrficialis  (Plate 
1 )  is  a  short,  band-like  muscle  connecting  the 
mandibular  rami  in  the  area  between  the  ori- 
gins of  the  genioglossus  and  the  first  mandibu- 
lohyoideus.  It  lies  superficial  to  the  interman- 
dibularis anterior  profundus,  the  second  man- 
dibulohyoideus,  and  the  genioglossus  muscles. 
It  is  deep  only  to  the  skin. 

Arising  from  the  oral  membrane,  the  an- 
terior fibers  of  the  intermandibularis  anterior 
profundus,  and  the  ligament  along  the  crista 
dentalis.  its  fibers  pass  posteromesially  to  insert 
with  those  of  its  fellow  on  the  ventral  mid-line 
raphe. 

Posteriorly  its  fibers  blend  into  those  of  the 
intermandibularis  anterior  profundus. 

Mandibulohyoideus  I  (Plate  1)  is  a  long,  slight- 
ly triangular  inuscle,  extending  two-thirds  of 
the  length  of  the  mandible.  It  lies  lateral  to  the 
second  mandibulohyoideus  muscle,  mesial  to 
the  mandibular  rami,  and  anterior  to  the  in- 
sertion of  the  sternohyoideus.  It  runs  deep  to 
the  intermandibularis  inuscle  and  superficial 
to  the  genioglossus,  hyoglossus,  third  mandibu- 
lohyoideus, and  the  pterygomandibularis  mus- 
cles. Anteriorly  its  fibers  interdigitate  three  or 
four  times  with  those  of  the  intermandibularis 
anterior  profundus. 

The  first  mandibulohyoideus  originates 
along  the  ventromesial  surface  of  the  dentary 
and  a  small  part  of  the  angular,  from  the  pos- 
terior border  of  the  intermandibularis  anterior 
superficialis,  posteriorly  to  the  mass  of  the 
pterygomandibularis.  It  passes  posteromesially 
to  insert  just  posterolateral  to  the  inser- 
tion of  the  second  mandibulohyoideus,  along 
the  anterolateral  border  of  the  distal  three- 
fourths  of  the  first  ceratobranchial. 

Mandibulohyoideus  II  (Plate  1)  is  a  narrow, 
elongate  muscle  which  is  pointed  at  both  ends 
and  lies  mesial  to  the  first  mandibulohyoideus 
and  closely  alongside  its  fellow  on  the  ventral 
mid-line.  It  is  deep  to  the  intermandibularis 
muscle,  superficial  to  the  tongue,  the  genioglos- 
sus, and  the  hyoglossus. 

This  second  mandibulohyoideus  muscle  or- 
iginates by  a  narrow  tendon  which  is  possibly 
an  anterior  etxension  of  the  mid-line  raphe, 
from  the  capsule  of  cartilage  overlying  the  man- 
dibular sym[)hvsis.  It  takes  origin  on  this  ten- 
don at  about  the  level  of  the  inferior  alveolar 
foramen  and  runs  posteriorly  to  insert  on  the 


anterior  border  of  the  proximal  end  of  the  first 
ceratobranchial,  anteromesial  to  the  insertion 
of  the  first  mandibulohyoideus. 

Mandibulohyoideus  III  (Plate  2)  is  a  thick 
band-like  muscle  ruiming  almost  parallel  to 
the  mandibular  ramus,  across  the  mass  of  the 
pterygomandibularis  and  more  or  less  attached 
to  it  by  connective  tissue.  It  lies  dorsal  to  the 
first  mandibulohyoideus  and  ventral  and  lat- 
eral to  the  genioglossus  and  the  hyoglossus. 

The  third  mandibulohyoideus  arises  from 
the  ventromesial  surface  of  the  dentary  and  the 
angular  between  the  anterior  and  the  posterior 
mylohyoid  foramina,  dorsal  to  the  origin  of  the 
first  mandibulohyoideus.  It  passes  posteriorly 
to  insert  narrowly  on  the  lateral  surface  of  the 
ceratohyal,  distal  to  its  midpoint. 

Genioglossus  (Plates  1  and  2)  is  a  thick,  band- 
like muscle  occupying,  with  its  partner,  all  of 
the  space  between  the  mandibular  rami,  just 
ventral  to  the  tongue  and  anterior  to  the  basi- 
hyal.  It  is  located  dorsal  to  the  first,  second, 
and  third  mandibulohyoideus,  and  the  inter- 
mandibularis muscles. 

This  muscle  takes  origin  along  the  ventral 
and  mesial  surfaces  of  the  anterior  one-sixth 
of  the  mandibular  ramus,  bordering  Meckel's 
canal  dorsally.  Its  mesial  fibers  run  directly 
posteriorly,  while  the  lateral  ones  turn  dorsally 
and  somewhat  laterally  and  then  pass  poster- 
iorly. 1  lowever,  the  genioglossus  in  these  spec- 
ies is  not  clearly  divisable  into  a  medialis  and 
a  lateralis  as  in  Ctenosaura  pectinata  (Oelrich, 
1956:55).  The  fibers  of  tliis  muscle  insert  on 
the  lateral  surface  of  the  tongue  and,  by  inter- 
digitations,  into  the  body  of  the  hyoglossus. 

Hyoglossus  (Plate  2)  is  a  thick,  broad  muscle 
lying  lateral  to  the  basihyal  and  the  second 
ceratobranchial,  and  mesial  to  the  mandible, 
the  third  mandibulohyoideus,  and  the  ptery- 
gomandibularis. It  is  dorsal  to  the  first  and 
second  mandibulohyoideus  muscles  and  the  an- 
terior portion  of  the  third  mandibulohyoideus. 
It  lies  ventral  to  the  ceratohyal  and  the  oral 
membrane. 

The  hyoglossus  muscle  originates  along  the 
anterolateral  face  of  the  distal  two-thirds  of  the 
first  ceratobranchial,  just  dorsal  to  the  inser- 
tion of  the  first  mandibulohyoideus  muscle. 
It  passes  anteriorly  to  interweave  with  the  gen- 
ioglossus near  the  proximal  end  of  the  hypo- 
hyal  and  to  form  the  main  body  of  the  tongue. 

Branchiohyoideus  (Plate  2)  is  a  thin,  narrow 
muscle,  lying  dorsal  to  the  hyoglossus  between 
the  ceratohyal  and  the  first  ceratobranchial  of 
the  hyoid  bone.  Dorsally  it  contacts  the  oral 
membrane  which,  in  turn,  lies  ventral  to  the 
massive  pterygomandibularis  muscle. 

The  branchiohvoideus  arises  from  the  pos- 
teromesial  sin-face  of  the  posterior  two-thirds  of 
the    ceratohyal.    including    its    mesial    process. 
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Plate     2 — Ventral   view   of   head   and   thorax;   second  depth  on  the  right   and   third  depth  on 
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It  passes  posteriorly,  somewhat  parallel  to  the 
two  hyoid  limbs,  to  insert  near  the  distal  end 
of  the  first  ceratobranchial. 

Sternohyoideus  (Plates  L  2,  7.  and  8)  is  an 
extensive  muscle  sheet  occupying  the  area  pos- 
terior to  the  first  ceratobranchial  bone  and  an- 
terior to  the  sternum  and  clavicle.  It  lies  deep 
to  the  intermandibularis  and  the  constrictor 
colli,  anteriorly,  and  to  the  episternocleido- 
mastoideus,  the  trapezius,  and  a  small  part  of 
the  levator  scapulae  superficialis,  posteriorly. 
It  is  superficial  to  the  levator  scapulae  pro- 
fundus, the  pharyngeal  membrane,  the  trach- 
ea, the  clavicle,  and  the  clavodeltoideus. 

This  muscle  folds  back  upon  itself  lo  re- 
sult in  superficial  and  deep  layers.  The  fold 
is  along  the  midventral  line,  leaving  the  lat- 
eral margins  and  the  main  bodies  of  the  two 
depths  easily  separable  from  one  another.  The 
lateral  fibers  of  the  superficial  sheet  run  anter- 
omesially  and  those  of  the  deep  group  pass  an- 
terolaterally.  However,  mesially  the  fibers  of 
both  layers  become  increasingly  anteriorly  di- 
rected until  all  are  running  parallel  and  be- 
come continuous  in  the  area  of  the  fold.  Be- 
cause of  the  divergent  origins  and  directions 
of  the  fibers,  and  the  increased  thickness  of 
the  mesial  portion,  both  sheets  appear  separable 
into  several  different  muscles.  Nevertheless, 
the  two  layers  of  muscle  can  be  removed  in- 
tact, laid  on  a  flat  surface,  and  separated  to 
open  the  mesial  fold;  thus  demonstrating  a 
continuous  muscle  sheet.  Lateral  stretching 
and  teasing  do  not  reveal  natural  divisions. 
This  technique  and  others  were  used  on  a  series 
of  ten  specimens  of  both  species  measuring 
from  43  to  60  snout  to  vent  (Fitch.  1956:238 
reports,  hatchlings  to  measure  41),  as  well  as 
older  ones.  The  results  were  the  same  in  all 
cases. 

Davis  (1934:19),  in  the  same  lizard,  con- 
siders the  superficial  layer  as  divisable  into 
three  parts,  one  of  which  he  calls  omohyoideus. 
He  fails  to  mention  the  deep  layer.  Oelrich 
(1956:51-52)  finds  the  two  layers  to  appear 
continuous,  but  because  of  their  different  ori- 
gins and  directions,  treats  them  as  being  sep- 
arable into  omohyoideus  and  sternohyodeus  in 
Ctenosaiira  pectinata.  Kesteven  (1944:245-246) 
in  studying  Physignathus  finds  enough  suggest- 
ed separation  in  young  specimens  to  treat  these 
layers  as  consisting  of  three  parts;  and  he  con- 
siders these  to  represent  the  similar,  though 
more  distinct,  divisions  observed  in  Varanus. 

We  have  found  several  heads  of  origin  and 
a  diversity  of  fiber  direction  in  both  layers.  It 
therefore  seems  unwise  to  make  any  division. 
even  on  the  basis  of  apparent  homology,  with- 
out a  carefid  embryological  study. 

The  sternohyoideus  arises  by  various  heads 
from   the  suprascapula,  clavicle,   sternum,  and 


interclavicle.  One  of  its  many  heads  originates 
with  the  episternocleidomastoideus  from  the 
tough  fascia  which  extends  between  the  lateral 
process  of  the  interclavicle  and  the  sternum. 
.-\nother  head  takes  tendinous  origin,  mesially, 
from  the  mid-point  of  the  nitcrclavicle.  Its  fi- 
bers run  anteriorly,  oblicpu'ly  crossing  each 
other  in  many  instances,  and  insert  on  almost 
the  entire  posterior  surface  of  the  first  cerato- 
branchial and  a  proximal  portion  of  the  second 
ceratobranchial. 

NECK  MUSCULATURE 

Constrictor  Colli  (Plates  1,  4,  and  7)  is  the 
most  superficial  muscle  of  the  cervical  region 
and  is  overlain  only  by  the  connective  tissue  of 
the  skin  and  a  few  scattered  fat  pads.  Dorsally 
it  lies  on  parts  of  the  depressor  mandibularis 
and  episternocleidomastoideus  and  ventrally  on 
the  sternohyoideus.  It  is  of  only  one  muscle 
fiber  in  thickness. 

This  muscle  arises  from  the  superficial  dor- 
solateral fascia  of  the  neck  extending  almost  as 
far  as  the  posterior  margin  of  the  depressor 
mandibularis.  It  passes  ventrally,  just  poster- 
ior to  the  retroarticular  process  of  the  articular 
bone,  to  insert  on  the  extensive  ventral  apon- 
eurosis which  shortly  anteriorly  serves  for  the 
insertion  of  the  intermandibularis.  Its  insertion 
is  widely  separated  from  that  of  its  partner 
across  the  mid-line  of  the  throat. 

Episternocleidomastoideus  (Plates  1,  2,  5,  7,  8, 
and  9)  is  a  thick,  ribbon-like  muscle  obliquely 
crossing  the  lateral  surface  of  the  cervical  re- 
gioir  Anleiodorsally  it  is  deep  to  the  depressor 
mandibularis.  Otherwise  it  lies  superficial  to 
the  sternohyoideus.  the  tympanic  membrane, 
the  distal  ends  of  the  ceratohyal  and  the  cerato- 
branchial bones,  and  to  the  two  levator  scapulae 
muscles.  It  arises  just  anterior  to  the  pectoralis 
and  borders  the  trapezius  posteriorly. 

In  Crotaphytus  wisUzeni  this  muscle  origin- 
ates by  a  single  head,  along  with  a  bundle  of 
the  sternohyoideus,  from  the  lateral  process  of 
the  interclavicle  and  a  tough  fascia  which  ex- 
tends from  the  main  body  of  the  sternum  to 
that  process.  In  Crotaphytus  coUaris  the  epis- 
ternocleidomastoideus has  two  heads  of  about 
equal  size.  The  lateral  one  arises  as  does  the 
single  head  in  Crotaphytus  wislizcrii.  whereas 
the  mesial  one  takes  tendinous  origin,  with  some 
fibers  of  the  sternohyoideus,  from  the  central 
colunm  of  the  interclavicle.  Several  specimens 
of  Crotaphytus  wislizeni  have  a  small  mesial 
sliver  of  muscle  fibers  which  takes  origin  sim- 
ilarly to  the  mesial  head  in  C.  collaris,  but 
which  could  hardly  be  considered  as  a  true 
mesial  head,  due  to  its  size.  In  both  species  the 
episternocleidomastoideus  runs  anterodorsally, 
deep  to  the  depressor  mandibularis  and  con- 
strictor colli,  to  insert  on  the  distal  half  of  the 
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parietal  crest,  the  lateral  surface  of  the  para- 
occipital  process  of  the  exoccipital  bone,  and  on 
the  fascia  of  the  dorsolateral  angle  of  the  neck. 
The  origin  of  this  muscle  in  C.  reticulatus 
is  similar  to  that  described  for  C.  collaris. 

Depressor  Mandibidaris  (plates  4,  7,  and  8)  is 
a  massive  muscle  lying  on  the  lateral  surface 
of  the  cervical  region  and  bordering  the  audi- 
tory meatus  anteriorly.  The  constrictor  colli 
overlies  most  of  its  body.  Anteriorly  it  is  sup- 
erficial to  some  of  the  posterior  fibers  of  the 
adductor  mandibularis  externus  medius  and 
the  posterior  border  of  the  tympanus.  Poster- 
iorly it  passes  superficial  to  the  anterior  fibers 
of  the  trapezius,  and  those  of  the  episterno- 
cleidomastoideus,  the  distal  ends  of  the  cera- 
tohyal  and  ceratobranchial  bones,  and  the  tym- 
panic membrane. 

Three  bundles  of  the  depressor  mandibu- 
laris are  recognizable  in  Crotaphytus  wislizeni 
(anterior,  lateral,  and  posterior)  but  only  the 
posterior  one  is  distinctly  separable  in  its  body 
from  the  others. 

The  anterior  bundle  takes  origin  from  the 
anterolateral  surface  of  the  posterolateral  parie- 
tal wing  and  the  parietal  crest.  It  passes  poster- 
oventrally  to  become  continuous  laterally  with 
the  body  of  the  lateral  bundle  and  insert  with 
it,  by  a  strong  tendon  on  the  retroarticular  pro- 
cess of  the  articular  bone. 

The  lateral  bundle  arises  posteriorly  from 
the  fascia  along  the  dorsolateral  angle  of  the 
neck,  approximately  in  the  region  of  the  first 
three  cervical  vertebrae,  and  deep  to  the  origin 
of  the  constrictor  colli.  Anteriorly  the  bundle 
originates  from  the  entire  posteromesial  surface 
of  the  parietal  wing  and  part  of  the  parietal 
crest,  which  it  traverses  to  pass  ventrally  and 
lie  lateral  to,  and  unite  with,  the  anterior 
bundle.  The  anterior  and  posterior  fibers  of 
this  entire  bundle  converge  ventrally  to  insert 
wdth  those  of  the  anterior  bundle,  on  the  retro- 
articular  process. 

The  posterior  bundle  (cervicomandibularis) 
is  separable  in  its  entirety  from  the  others,  ex- 
cept in  extremely  old  (large)  specimens  in 
which  it  becomes  somewhat  attached,  near  its 
origin,  to  the  lateral  bundle.  Its  origin  is  from 
the  superficial  dorsal  fascia  of  the  mid-line  of 
the  neck  just  posterior  to  that  of  the  lateral 
bundle,  and  deep  to  the  origin  of  the  constrictor 
colli.  It  passes  anteroventrally  along  the  pos- 
terior border  of  the  lateral  bundle  and  contin- 
ues past  the  insertion  of  the  anterior  and  lateral 
bundles  to  insert  ventrolaterally  on  the  super- 
ficial fascia  of  the  intermandibularis  and  the 
skin. 

Only  two  bundles  of  the  depressor  mandi- 
bularis can  be  distinguished  in  Crotaphytus 
collaris,  and  these  are  not  separable  from  one 
another.     The   anterior  group   of   fibers   arises 


from  the  parietal  and  the  anterior  part  of  the 
superficial  dorsal  fascia,  while  the  posterior 
group  originates,  just  posterior  to  it,  by  the 
same  fascia.  I'he  muscle  fibers  of  both  bundles 
converge  ventrally,  the  posterior  ones  coming 
to  lie  lateral  to  the  anterior  group.  All  insert 
by  a  common  tendon  on  the  retroarticular  pro- 
cess of  the  articular  bone. 

The  character  of  this  muscle  in  C.  reticula- 
tus is  the  same  as  that  explained  for  C.  wis- 
lizeni. 

TEMPORAL  MUSCULATURE 

Pterygomandibularis  (Plates  1  and  3)  is  an 
extremely  large  muscle  which  covers  almost 
the  entire  posterior  half  of  the  mandible  and 
has  its  main  mass  between  the  mandibular 
rami,  just  lateral  to  the  trachea.  It  is  overlain 
by  the  intermandibularis  posterior,  laterally, 
and  the  oral  membrane,  ventromesially.  It  lies 
dorsal  to  the  third  mandibulohyoideus  and  the 
hyoglossus  muscles. 

The  pterygomandibularis  originates,  by  a 
heavy  tendon,  from  the  ventral  projection  of 
the  ectopterygoid,  and  part  of  the  transverse 
process  of  the  pterygoid.  It  also  originates  by 
a  tendinous  sheath  from  the  remaining  part  of 
the  transverse  process,  and  the  ventrolateral 
border  of  the  quadrate  process  of  the  pterygoid, 
as  well  as  from  the  ventral  border  of  the  basip- 
terygoid  process  of  the  basisphenoid  in  the  re- 
gion of  its  articulation  with  the  pterygoid. 

Its  fibers  run  posteriorly  and  then  postero- 
dorsally,  to  cover  the  ventral  and  lateral  sur- 
faces of  the  angular,  the  articular,  and  the 
supra-angular  bones.  Most  of  the  fibers  insert 
on  the  dorsal,  mesial,  and  ventral  surfaces  of 
the  articular,  including  its  retroarticular  and 
angular  processes.  A  line  of  inserting  fibers 
passes  posterodorsally  across  the  lateral  surfaces 
of  the  angular  and  the  supra-angular,  continu- 
ing posteriorly  along  the  condyle  of  the  quad- 
rate and  the  insertion  of  the  depressor  mandi- 
bularis, leaving  only  the  posterior  supra-angular 
foramen  between  it  and  the  adductor  mandibu- 
laris externus  superficialis.  A  tendon,  serving 
for  the  insertion  of  many  of  its  fibers,  runs 
lengthwise  through  the  muscle  mass  in  a  pos- 
terior direction,  and  attaches  to  the  angular 
process  of  the  articular. 

Levator  Angularis  Oris  (Plate  7)  is  the  most 
superficial  nuiscle  of  the  infratemporal  fossa. 
It  is  overlain  only  by  the  extensive  infratem- 
poral fascia  and  the  skin,  and  covers  more  than 
half  of  the  lateral  surface  of  the  adductor  man- 
dibularis extenius  superficialis. 

This  thin  muscle  arises  from  the  mesial  sur- 
face of  the  superficial  infratemporal  fascia,  the 
ventrolateral  surfaces  of  the  squamosal  and  the 
posterior  part  of  the  jugal,  and  from  the  anter- 
odorsal  angle  of  the  tympanic  crest.  Its  fibers 
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run  anteroveiitrnlly  and  inset  on  (he  dorsome- 
sial  surface  of  the  mundplatt  near  the  posterior 
border  of  the  coronoid. 

Adductor  Mandibularis  Exlerniis  Superficialis 
(Plates  1,  3,  4,  7.  and  8)  is  an  extensive  muscle 
of  the  infratemporal  fossa,  which  inesially  is 
scarcely  distinguishable  from  the  adductor  man- 
dibularis externus  medius.  It  is  deep  to  the 
levator  angularis  oris  anterodorsally,  and  to  the 
superficial  infratemporal  fascia  posteroventral- 

It  takes  origin  from  the  ventral  surfaces  of 
the  postorbital,  squamosal,  and  a  portion  of  the 
jugal;  and  from  the  dorsal  and  anterior  sur- 
faces of  the  quadrate,  as  well  as  the  lateral  sur- 
face of  the  tympanic  crest.  Its  fibers  run  an- 
teroventrally,  somewhat  more  ventrally  than 
those  of  the  levator  angularis  oris.  They  insert 
along  the  beveled,  dorsolateral  surface  of  the 
supra-angular,  just  dorsal  to  the  posterior  supra- 
angular  foramen  and  covering  the  anterior 
supra-angular  foramen.  The  more  anterior 
fibers  insert  on  the  lateral  and  posterolateral 
surfaces  of  the  coronoid  and  the  lateral  surface 
of  the  bodenaponeurosis. 

Adductor  Mandibularis  Externus  Medius 
(Plate  4,  7,  8,  and  9)  is  a  massive  muscle 
which  lies  immediately  mesial  to  the  adductor 
mandibularis  externus  superficialis  and  dorso- 
lateral to  the  adductor  mandibularis  externus 
profundus,  from  which  muscles,  it  is  only  faint- 
ly separable.  It  also  lies  posterolateral  to  the 
pseuclotemporalis  superficialis,  except  for  a  few 
of  its  anteromesial  fibers  which  are  dorsal  to 
the  same. 

The  fibers  of  this  muscle  take  origin  from 
the  mesial  surface  of  the  squamosal,  the  antero- 
lateral surfaces  of  the  supratemporal  and  the 
posterolateral  parietal  wing,  the  dorsolaterally 
beveled  surface  of  the  parietal,  and  from  the 
anterior  and  dorsal  surfaces  of  the  quadrate 
bone.  The  fibers  run  anteroventrally,  the 
dorsal  ones  being  more  anteriorly  directed,  and 
insert  along  the  dorsomesial  surface  of  the 
supra-angular,  the  posterior  surface  of  the  cor- 
onoid, and  the  lateral,  posterior,  and  mesial 
sides  of  the  bodenaponeurosis. 

Adductor  Mandibularis  Externus  Profundus 
(Plate  10)  is  a  massive  muscle  and  is  not  clear- 
ly separable  from  the  adductor  mandibularis 
externus  medius  dorsolaterally.  It  is  located 
ventrolateral  to  the  pseudotemporalis  superfic- 
ialis, dorsal  to  the  prootic,  and  lateral  to  the 
brain  case  and  the  supraoccipital. 

This  muscle  originates  from  almost  the  en- 
tire posteromesial  border  of  the  posterolateral 
wing  of  the  parietal,  from  the  paraoccipital  pro- 
cess of  the  exoccipital,  and  from  the  dorsolateral 
surface  of  the  posterior  process  of  the  prootic 
bone.  From  its  parietal  origin  this  muscle  turns 
ventrally  and  then  anteroventrally  to  enter  the 


infratemporal  fossa,  passing  ventral  to  the  su- 
pratemporal and  the  posterolateral  parietal 
wing  and  dorsal  to  the  exoccipital  and  the  pos- 
terior process  of  the  prootic.  Here  it  joins  with 
another  head  from  the  prootic  and  then  contin- 
ues anteroventrally  to  insert  by  the  bodenapon- 
eurosis to  the  posterior  surface  of  the  coronoid, 
and  separately  to  the  base  of  the  coronoid. 

The  adductor  mandibularis  externus  group 
is  treated  as  three  separate  nmscles  only  for 
convenience.  Perhaps  it  should  be  considered 
a  single  mass  (Adams,  1919)  wdth  slips  as  des- 
cribed above. 

Pseudotemporalis  Superficialis  (Plate  10)  is  a 
divergent,  massive  muscle  which  lies  ventro- 
niesial  to  the  adductor  mandibularis  externus 
medius,  posterior'  to  the  orbit,  anterolateral  to 
the  cranial  cavity,  lateral  to  the  epipterygoid, 
and  lateral  to  the  pseudotemporalis  profundus. 
Some  of  its  posterior  fibers  are  sandwiched  be- 
tween the  adductor  mandibularis  externus  pro- 
fundus and  the  adductor  mandibularis  externus 
medius. 

The  pseudotemporalis  superficialis  origi- 
nates from  the  dorsolaterally  beveled  lateral 
margin  of  the  parietal,  part  of  the  anterolateral 
surface  of  the  parietal  wing,  the  lateral  sur- 
faces of  the  anterior  semicircular  canal,  and  the 
alar  process  of  the  prootic,  and  all  but  the  in- 
ternal surface  of  the  dorsal  one-third  of  the 
epipterygoid.  The  anterior  fibers  of  this  muscle 
run  ventrally  while  the  posterior  ones  pass  an- 
teroventrally. They  insert,  with  the  pseudo- 
temporalis profundus,  on  the  mesial  surface  of 
the  bodenaponeurosis,  the  posteromesial  border 
of  the  coronoid  to  its  base,  and  then  posteriorly 
along  the  dorsal  border  of  the  articular  to  about 
its  mid-point. 

Pseudotemporalis  Profundus  (Plate  11)  is  an 
almost  pyramid  shaped  muscle  just  postero- 
mesial to  the  pseudotemporalis  superficialis. 
It  is  lateral  to  the  epipterygoid  bone  and  to 
the  levator  pterygoideus  muscle. 

This  muscle  arises  from  the  anterior,  lateral, 
and  posterior  sides  of  the  ventral  two-thirds  of 
the  epipterygoid  bone.  It  runs  ventrally  and 
inserts,  in  common  with  the  pseudotemporalis 
superficialis  muscle,  on  the  posteromesial  bor- 
der of  the  coronoid  and  along  the  dorsal  surface 
of  the  articular  bone  to  its  mid-point. 

Adductor  Mandibidaris  Posterior  (Plate  11 )  is 
a  broad,  thin  muscle,  lying  lateral  to  the  tyin- 
panic  cavity  and  the  protractor  pterygoideus 
muscle,  and  mesial  to  the  mandible  and  to 
the  adductor  mandibularis  externus  muscles. 

Some  of  its  fibers  arise  from  the  lateral  and 
mesial  surfaces  of  an  aponeurosis  which  runs 
between  the  mesial  crest  of  the  quadrate  and 
Meckel's  cartilage.  Other  fibers  take  origin 
from  the  posterior  process  of  the  prootic  bone. 
They  all  pass  anteroventrally  and  insert  on  the 
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side  with  the  suprascapula  pried  away  from  the  body. 
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dorsal  surface  of  the  articular  bone  with  some 
of  the  fibers  of  the  pseudotemporalis  muscles, 
and  on  Meckel's  cartilage. 

Levator  Pterygoideus  (Plates  11  and  12)  is  a 
triangular  shaped  muscle  which  lies  just  pos- 
teromesial  to  the  epipterygoid  bone  and  the 
pseudotemporalis  profundus  muscle.  It  is  an- 
terolateral to  the  protractor  pterygoideus  and 
lateral  to  the  prootic  membrane  of  the  cranial 
cavity. 

This  muscle  takes  origin  by  a  flat  tendon 
from  the  ventral  surface  of  the  parietal,  just 
mesial  to  the  epipterygoid,  and  posteriorly  along 
the  lateral  margin  of  the  parietal  to  its  mid- 
point. Additional  fibers  arise  from  the  dorso- 
lateral surface  of  the  prootic  membrane.  Its 
fibers  fan  out  posteroventrally  and  insert,  with 
a  few  anterior  fibers  of  the  protractor  pterygoid- 
eus, on  the  proximal  dorsal  surface  of  the  quad- 
rate process  of  the  pterygoid,  beginning  some- 
what posterolateral  to  the  fossa  cokmiella  and 
extending  anteromesially,  to  end  just  mesial 
to  the  epipterygoid. 

Protractor  Pterygoideus  (Plates  11  and  12)  is 
a  broad,  fairly  short  muscle  which  forms  the 
anterolateral  wall  of  the  tympanic  cavity.  It 
lies  posteromesial  to  the  levator  pterygoideus 
and  lateral  to  the  basisphenoid  and  the  anterior 
parts  of  the  prootic. 

This  muscle  arises  from  the  lateral  surface 
of  the  anterior  inferior  process  of  the  prootic, 
the  posteroventral  end  of  the  pila  antotica,  and 
from  the  posterior  and  lateral  surfaces  oi  a  ten- 
don which  runs  from  the  anterior  inferior  pro- 
cess of  the  prootic  to  the  region  of  the  condyle 
on  the  anterior  tip  of  the  basipterygoid  process 
of  the  basisphenoid.  The  fibers  of  the  protractor 
pterygoideus  fan  out.  running  posteroventrally, 
and  insert  on  the  dorsal  and  mesial  surfaces 
of  the  quadrate  process  of  the  pterygoid.  This 
insertion  runs  from  just  posteromesial  to  the 
fossa  columella,  posteriorly,  almost  to  the  mesial 
crest  of  the  quadrate.  Some  of  its  anterior  fib- 
ers insert  with  those  of  the  levator  pterygoideus, 
but  the  majority  remain  posteromesial  to  this 
muscle. 

PECTORAL  GIRDLE  AND  BRACHIAL  MUS- 
CULATURE 

The  descriptions  of  the  brachial  muscles 
were  made  with  the  arm  stretched  out  laterally 
and  the  palm  of  the  hand  down  for  the  dorsal 
view,  and  up  for  the  ventral  view. 

Trapezius  (Plates  4,  7,  8,  and  9)  is  an  exten- 
sive, superficial  muscle  located  on  the  dorso- 
lateral surfaces  of  the  cervical  and  thoracic 
regions.    It  is  the  most  superficial  muscle  of  the 


area  with  the  exception  of  the  depressor  mandi- 
bularis  and  the  constrictor  colli. 

It  arises  from  the  dorsolateral  fascia  of  the 
neck  from  the  axis  jjosteriorly  to  aljout  the  sev- 
enth thoracic  vertebra*  and  then  posteriorly  to 
I  he  seventh,  by  the  tlorsal  ajjoneurosis  of  the 
midline  of  the  neck.  The  anterioi-  fibers  of  this 
muscle  pass  posteroventrally  along  the  border 
of  the  epistemocleidomastoideus,  and  the  pos- 
terior ones,  anteroventrally,  somewhat  dorsal 
to  the  scapula.  Thus,  they  converge  to  insert 
on  the  crest  of  the  anterior  margin  of  the  supra- 
scapula.  and  on  the  superficial  fascia  along  the 
clavicle  and  the  anterior  margin  of  the  pector- 
alis  to  the  origin  of  the  epistemocleidomastoid- 
eus. 

This  muscle  varies  greatly  in  thickness 
throughout  its  extent.  Posteriorly  it  is  consid- 
erably developed,  this  being  the  major  part  to 
insert  on  the  suprascupula.  However,  anterior- 
ly it  comes  to  be  only  one  muscle  fiber  in  thick- 
ness. In  many  specimens  an  anterior  slip  was 
observed  to  be  separate  from  the  main  sheet, 
in  its  body,  and  to  become  more  or  less  assoc- 
iated with  the  epistemocleidomastoideus. 

Latissimus  dorsi  (Plates  4,  5,  7,  8,  9,  and  10) 
is  a  sheet-like  muscle  which  covers  an  exten- 
sive portion  of  the  lateral  body  surface.  Its 
anterodorsal  fibers  are  overlain  by  the  trapezius 
muscle  while  the  remaining  ones  are  deep  only 
to  the  skin.  It  is  superficial  to  part  of  the 
scapulodeltoideus  and  serratus  muscles,  and 
the  suprascapula. 

This  muscle  arises  from  the  superficial  fas- 
cia of  the  back  and  the  deep  fascia  of  the  dorsal 
mid-line,  between  the  first  and  the  tenth  thorac- 
ic vertebrae.  Its  anterior  fibers  I'un  posteroven- 
trally and  its  posterior  ones,  anteroventrally. 
They  all  coverge  and  pass  between  the  tendons 
of  origin  of  the  anconaeus  coracoideus  and  an- 
conaeus  scapularis  muscles,  to  insert  tendinous- 
ly  on  the  processus  latissimus  dorsi  of  the  shaft 
of  the  humerus. 

LciHitor  Scapulae  Supcrficialis  (Plates  4,  5.  8, 
9,  10,  and  11)  is  a  broad,  fan-shaped  muscle 
which  lies  mostly  anterior,  but  partly  super- 
ficial, to  the  suprascaupla.  It  is  dorsal  to  the 
levator  scapulae  profundus,  and  superficial  to 
the  axial  musculature  and  the  posterodorsal 
fibers  of  origin  of  the  sternohyoideus. 

It  lies  deep  to  the  constrictor  colli,  the  trap- 
ezius, the  epistemocleidomastoideus,  the  depres- 
sor mandibularis,  the  tympanic  membrane,  and 
the  distal  ends  of  the  ceratohyal  and  the  first 
ceiatobranchial. 

The  levator  scauplae  superficialis  originates, 
by  means  of  a  tendon,  common  to  it  and  the 
levator    scapulae    profundus,    from    the    diapo- 
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physis  of  the  atlas.  It  runs  posterodorsally  and 
inserts  on  the  anterior  half  of  the  lateral  sur- 
face of  the  suprascapula. 

Levator  Scapulae  Profundus  (Plates  3,  5,  8,  9, 
10,  and  1 1 )  is  the  vential  partner  of  the  levator 
scapulae  superficialis,  and  lies  in  approximate- 
ly the  same  position  with  relation  to  the  sur- 
rounding muscles,  except  that  its  posterior  fib- 
ers of  insertion  run  deep  to  those  of  the  stemo- 
hyoideus  muscle. 

It  takes  origin,  by  a  common  tendon  with 
the  levator  scapulae  superficialis,  from  the  dia- 
pophysis  of  the  atlas.  Its  fibers  pass  postero- 
dorsally and  insert  along  the  anterior  margin 
of  the  suprascapula  just  ventral  to  the  insertion 
of  the  levator  scapulae  superficialis,  and  on  the 
anterior  surface  of  the  acromial  end  of  the 
clavicle. 

Scapulodeltoideus  (Plates  2.  4,  5,  7,  and  8j  is  a 
heavy,  somewhat  triangular  muscle,  lying  sup- 
erficial to  the  scapula  and  suprascapula.  pos- 
terior to  the  insertions  of  the  levator  scapulae 
muscles,  and  to  the  origin  of  the  stemohyoid- 
eus.  It  is  overlain  dorsally  by  parts  of  the  trap- 
ezius and  the  latissimus  dorsi,  and  ventrally  by 
the  skin  and  the  clavodeltoideus. 

This  muscle  arises  from  the  posterior  one- 
half  of  the  lateral  surface  of  the  suprascapula 
and  the  acromial  end  of  the  clavicle.  Its  fibers 
converge  ventrally,  passing  mesial  to  the  clav- 
odeltoideus and  lateral  to  the  ligament  of  the 
anconaeus  scapularis,  to  insert  on  the  proximal 
end  of  the  humerus. 

Serratus  (Plates  5,  6,  9,  10,  11,  and  12)  as 
here  described  may  include  the  levator  anguli 
scapulae  and  the  rhoinboideus  (Mivart,  1867; 
776-777).  We  have  chosen  to  treat  this  complex 
as  divisable  into  dorsal  and  ventral  portions. 

The  dorsal  part  consists  of  three  ribbon-like 
slips  of  muscle  which  partially  overlap  one  an- 
other in  such  a  way  that  they  appear  serratus- 
like  from  the  dorsal  view,  when  the  suprascap- 
ula is  pried  away  from  the  lizard's  body.  This 
muscle  is  deep  to  the  suprascapula,  and,  al- 
though it  is  partially  continuous  with  the  ven- 
tral part,  it  lies  mesial  and  somewhat  dorsal 
to  the  ventral  group  of  slips. 

The  dorsal  part  arises  by  fasciculae,  from 
the  lateral  surfaces  of  the  three  cervical  ribs. 
These  slips  pass  slightly  dorsolaterally,  par- 
allel to,  and  slightly  overlapping  one  another, 
and  insert,  separately,  along  the  mesial  sur- 
face of  the  suprascapula  near  its  dorsal  bor- 
der. 

The  ventral  part  has  two  anterior  slips 
which  are  continuous  with  those  of  the  dorsal 
part  near  their  origins,  but  have  their  main 
masses  lateral  and  ventral  to  them.  This  part 
also  has  two  posterior  slips  which  have  no 
counterparts  in  the  dorsal   group. 

The  ventral  part  originates,  by  separate 
fasciculae,   from   the  distal   regions  of  the  last 


two  cervical  and  the  first  two  thoiacic  ribs, 
and  from  the  intervening  intercostales  externi 
of  the  area.  All  the  slips  pass  anterodorsally. 
The  two  anterior  ones  insert  on  the  anterior 
half  of  the  inner  surface  of  the  suprascapula, 
just  ventral  to  the  insertions  of  the  dorsal  group. 
The  two  wider,  posterior  slips,  from  the  first 
and  second  thoracic  ribs,  insert  on  the  supra- 
scapula, ventrolatei-al  to  the  insertion  of  the 
slip  from  the  last  cei-vical  rib;  and  along  the 
posteroventral  edge  of  the  suprascapula.  respec- 
tively. 

Pectoralis  (Plates  1,  2,  and  7)  is  an  extensive, 
superficial  muscle  of  the  breast.  It  overlies  the 
sterniun,  sternal  ribs,  and  the  coracoid,  with 
their  attached  muscles.  It  is  posterior  to  the 
clavicle  and  the  clavodeltoideus,  and  anterior 
to  the  rectus  abdominis  externus.  The  origins 
of  the  paired  pectoralis  muscles  separate  along 
the  ventral  inid-line  to  allow  for  the  tendinous 
origin  of  the  sternohyoideus  muscle  from  the 
interclavicle. 

The  pectoralis  muscle  arises  from  the  inner 
angle  of  the  clavicle,  the  interclavicle,  the  ster- 
num, and  the  ventral  mid-line  fascia,  contin- 
uing along  the  xiphoid  rod  to  the  sixth  sternal 
rib.  It  follows  this  rib.  arching  postcrolaterally 
and  then  anterolaterally  along  hyaline  and  fin- 
ally myocomatal  extensions  boi-dering  the  rec- 
tus abdominis  externus,  and  traverses  ven- 
tral to  the  fourth  and  third  and  terminates  near 
the  second  sternal  rib.  All  the  fibers  of  the 
pectoralis  converge  to  insert  on  the  dellopector- 
al  crest  of  the  humerus. 

Clavodeltoideus  (Plates  2,  7,  8,  and  9)  is  a 
heavy  muscle  of  the  anteroventral  shoulder 
region.  It  is  located  anterior  to  the  supracora- 
coideus  and  the  pectoralis,  proximal  to  the 
brachialis  inferior,  ventral  and  lateral  to  the 
scapulodeltoideus,  deep  to  the  epistemocleid- 
omastoideus,  and  the  sternohyoideus,  and  sup- 
erficial to  the  scapulohumcralis  anterior.  The 
clavodeltoideus  originates  from  the  margins  and 
the  ventral  surface  of  the  proximal  half  of  the 
clavicle.  Its  fibei's  run  anterolaterally  across 
the  ventral  surface  of  the  clavicle,  and  then 
turn  dorsolaterally  and  posterolaterally,  to  pass 
mesial  to  the  clavicle.  This  muscle  inseits  on 
the  proximal  end  of  the  humerus. 

Supracoracoideus  (Plates  2,  3,  and  7)  is  a  deep 
chest  muscle  of  triangular  shape.  It  lies  deep 
to  the  pectoralis  nuiscle  and  the  interclavicle, 
ventral  to  the  coracoid  and  the  large  tendon 
of  the  biceps,  posterior  to  the  clavical  and 
the  clavodeltoideus.  and  anterior  to  the  cora- 
cobrachialis  brevis. 

The  supracoracoideus  muscle  originates 
from  the  ventral  surface  of  the  anteromesial 
region  of  the  coracoid.  Its  fibers  pass  postero- 
laterally, converging  to  insert  on  the  delto- 
pectoral  crest  of  the  humerus. 

Scapulohumcralis  .Interior  is  a  small,  thin  nuis- 
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cle  located  near  the  base  of  the  scapula.  It  is 
anterior  to  the  supracoracoideus,  and  deep  to 
the  clavodeltoideus  and  the  inserting  fibers  of 
the  scapulodeltoideus. 

This  muscle  takes  origin  from  the  spinous 
process  of  the  scapula,  the  anterolateral  tip  of 
the  epicoracoid,  the  intervening  membrane  of 
the  coraco-scapular  fenestra,  and  the  lateral 
surface  of  the  scapula  in  the  axillary  region. 
The  muscle  runs  posteriorly,  lateral  to  the  ax- 
illary region  of  the  scapula.  It  then  passes 
ventral  to  the  tendon  of  origin  of  the  ancon- 
aeus  scapularis  and  over  the  margin  of  the 
glenoid  fossa  to  insert  on  the  distal  surface  of 
the  humeral  crest  of  the  hmiierus,  just  dorsal 
to  the  insertion  of  the  latissimus  dorsi,  and 
between  the  tendons  of  the  anconaeus  scapu- 
laris and  the  anconaeus  coracoideus. 

Coracobrachialis  Brevis  (Plate  3)  is  a  short, 
stout  muscle  of  the  chest.  It  is  located  dorsal 
and  posterior  to  the  tendon  of  the  biceps,  and 
anterior  to  the  sternal  attachment  of  the  first 
thoracic  rib. 

This  muscle  takes  origin  from  the  ventral 
surface  of  the  posterolateral  region  of  the  cor- 
acoid.  Its  fibers  run  slightly  posterolaterally 
and  insert,  shortly,  on  the  head  of  the  humerus 
in  the  concave  region  between  the  delto-pec- 
toral  and  humeral  crests,  and  on  the  proximal 
half  of  the  posterior  surface  of  the  humerus. 

Coracobrachialis  Longus  (Plates  2  and  4)  forms 
the  posterior  surface  of  the  upper  arm.  It  is 
posterodorsal  to  the  biceps  and  posteroventral 
to   the  anconaeus   humeralis   medialis. 

This  muscle  originates  from  the  ventral  sur- 
face of  the  extreme  posterolateral  tip  of  the  cor- 
acoid.  It  runs  along  the  entire  length  of  the 
humerus  and  inserts  on  the  proximal  surface 
of  its  ulnar  process. 

Biceps  (Plates  2,  4,  and  8)  is  a  large  ventral 
muscle  of  the  upper  ami.  It  is  located  poster- 
ior to  the  brachialis  inferior,  and  anterior  to 
the  coracobrachialis  brevis  and  the  coracobrach- 
ialis longus  muscles. 

Its  fibers  arise  near  the  proximal  head  of 
the  humerus  from  a  long,  broad  tendon  which 
passes  between  the  coracobrachialis  brevis  and 
supracoracoideus,  to  originate  just  dorsal  to  the 
latter,  from  the  ventral  surface  of  the  mesial 
border  of  the  coracoid.  The  biceps  muscle 
passes  along  the  ventral  surface  of  the  humer- 
us and  shortly  becomes  united,  to  some  de- 
gree, with  the  brachialis  inferior.  This  united 
body  of  the  two  muscles  passes  between  the 
radial  and  ulnar  processes  of  the  humerus  and 
then  bifurcates  to  insert  on  the  ventral  (flex- 
or) surfaces  of  the  proximal  heads  of  the 
radius  and  the  ulna. 

This  muscle  is  single  in  these  species.  We 
do  not  consider  the  biachialis  inferior  to  be 
its  humeral  head,  after  Mivart  (1867:782-785). 


Brachialis  Inferior  (Plates  2  and  8)  is  a  large 
brachial  muscle,  located  just  anterior  to  the 
biceps  and  ventral  to  the  anconaeus  humeralis 
lateralis  and   the  anconaeus  scapulai'is. 

This  nuiscle  arises  just  distal  to  the  inser- 
tions of  the  clavodetoideus  and  supracoracoid- 
eus muscles,  from  the  delto-pectoral  crest  of 
the  humerus,  and  also  from  the  entire  ventral 
surface  of  its  shaft.  The  brachialis  inferior 
runs  along  the  anteroventral  surface  of  the 
arm,  becoming  somewhat  united  with  the  bi- 
ceps muscle  distally.  However,  the  majority, 
if  not  all,  of  its  fibers  insert  on  the  radius, 
while  most  of  those  of  the  biceps  insert  on 
the  ulna. 

Anconaeus  Humeralis  Lateralis  (Plates  2  and 
8)  lies  dorsal  to  the  brachialis  inferior  and  an- 
terior to  the  anconaeus  scapularis.  on  the  an- 
terior surface  of  the  upper  arm. 

The  origin  of  this  muscle  is  from  the  prox- 
imal head  and  the  entire  anterodorsal  surface 
of  the  shaft  of  the  humerus.  Its  body  passes 
along  the  humerus  and  unites  with  the  anco- 
naeus scapularis.  It  inserts  with  all  the  other 
anconaeus  muscles,  on  the  olecranon  process 
of  the  ulna  and  the  above  sesamoid. 

Anconaeus  Scapularis  (Plates  2,  4,  and  8)  is 
a  large  member  of  the  anconaeus  group,  which 
lies  posterior  to  the  anconaeus  humeralis  lat- 
eralis and  anterodorsal  to  the  anconaeus  cora- 
coideus. 

Its  origin  is  by  a  strong  tendon  which  passes 
between  the  latissimus  dorsi  and  the  scapulo- 
deltoideus, and  attaches  to  the  posterior  sur- 
face of  the  scapula.  The  muscle  body  passes 
dorsal  to  the  glenoid  fossa  and  the  head  and 
shaft  of  the  humerus,  to  unit  with  the  anco- 
naeus hmneralis  lateralis  and  insert  on  the  ole- 
cranon pi-ocess  of  the  ulna  and  the  superficial 
sesamoid. 

Anconaeus  Coracoideus  (Plate  4)  is  a  small, 
dorsal  muscle  of  the  upper  arm.  It  lies  pos- 
teroventral to  the  anconaeus  scapularis  and 
anterodorsal  to  the  anconaeus  humeralis  med- 
ialis. 

It  originates  by  means  of  a  long,  fine  ten- 
don which  passes  posterior  to  the  inserting 
fibers  of  the  lattissimvis  dorsi,  to  arise  from  the 
broad  sterno-scapular  ligament.  The  anconaeus 
coracoideus  unites,  shortly  lateral  to  the  latis- 
simus dorsi,  with  the  anconaeus  scapularis  and 
inserts  with  it  on  the  olecranon  process  of  the 
ulna  and  the  adjacent  sesamoid. 

Anconaeus  Humeralis  Medialis  (Plate  4)  lies 
mostly  deep  to  the  anconaeus  coracoideus.  pos- 
teroventral to  the  anconaeus  scapularis,  and 
anterodorsal  to  the  coracobrachialis  longus. 

This  muscle  arises  from  the  humeral  crest 
and  the  posterodorsal  surface  of  the  shaft  of 
the  humerus.  It  unites  with  the  other  anco- 
naeus muscles  to  insert  with  them,  on  the  ole- 
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Plate  8. — Lateral  view  of  head  and  thorax,  first  depth. 
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Plate   10 — Lateral  view  of  head  ami  thorax,  third  depth. 
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cranon  process  of  the  ulna,  and  on  the  patella 
like  sesamoid  of  the  elbow. 

Subscapularis  /  is  a  broad  muscle  which  over- 
lies the  inner  surface  of  the  coracoid,  ven- 
trally,  and  borders  the  peritoneum  dorsall}-. 
It  is  ventromesial  to  the  second  subscapularis 
and  its  dorsal  surface  is  traversed  near  the  mid- 
dle by  the  ligament  which  serves  for  the  in- 
sertion of  the  costocoracoid  muscle. 

The  first  subscapularis  arises  from  the  en- 
tire dorsal  surfaces  of  the  coracoid  and  the 
epicoracoid,  including  the  membranes  of  all 
the  fenestrae  and  of  the  spinous  process  of  the 
scapula.  Its  fibers  converge  posteriorly  and 
insert  by  a  tendon,  with  the  second  subscapu- 
laris, on  the  humeral  crest  of  the  humerus. 

Subscapularis  II  (Plates  6,  10,  and  11)  lies 
just  dorsolateral  to  the  first  subscapularis,  on 
the  inner  surfaces  of  the  scapula  and  the  sup- 
rascapula.  It  is  lateral  to  some  of  the  anterior 
fibers  of  the  serratus,  which  come  from  the 
first  sternal  rib,  and  mesial  to  the  scapulodel- 
toideus. 

The  second  subscapularis  originates  from 
the  scapula  and  suprascapula  and  passes  pos- 
teroventrally  to  insert  with  the  first  subscapu- 
laris, by  a  tendon,  on  the  humeral  crest  of  the 
humerus. 

Costocoracoid  (Plates  11  and  12)  is  a  broad, 
thin  muscle,  lying  mesial  to  the  first  and  sec- 
ond sternal  ribs,  some  of  the  serratus  muscles, 
and  the  scapula;  and  dorsomesial  to  the  pos- 
terior portions  of  the  first  and  second  subscapv- 
ularis  muscles. 

The  costocoracoid  arises  from  the  anterior 
margin  of  the  sternal  region  of  the  third  thor- 
acic rib.  It  runs  anteriorly  and  inserts,  just 
dorsal  to  the  mid-region  of  the  first  subscapu- 
laris, on  a  ligament  which  extends  between 
the  inner  surface  of  the  sternum  at  the  point 
of  its  articulation  with  the  first  sternal  rib  and 
the  anterior  border  of  the  scapula,  just  dorsal 
to  the  spinous  process. 

Internal  Sternocoracoid  is  a  broad,  thin  muscle 
which  lies  on  the  inner  surface  of  the  sternum 
and  is  dorsal,  in  part,  to  the  external  sterno- 
coracoid. 

It  arises  along  the  dorsal  surface  of  the 
posterolateral  border  of  the  sternum  and  from 
the  sternal  heads  of  the  thoracic  ribs.  This 
muscle  runs  anterolaterally  and  inserts  by  a 
broad  tendon  on  the  inner  surface  of  the  mesial 
process  of  the  coracoid  and  on  part  of  the  epic- 
oracoid. This  insertion  is  just  anterolateral  to 
that  of  the  external  sternocoracoid. 

External  Sternocoracoid  is  an  extremely  broad 
and  short  muscle  which  links  the  inner  articu- 
lating borders  of  the  sternum  and  the  coracoid. 
It  is  ventral  to  the  internal  sternocoracoid, 
posteromesial  to  the  first  subcapularis.  and 
anteromesial  to  the  costocoracoid.    Posteriorly 


its  inner  surface  is  traversed  by  the  ligament 
of  insertion  of  the  costocoracoid. 

This  muscle  arises  from  the  entire  antero- 
lateral border  of  the  sternum,  just  internal  to 
its  groove  of  articulation  with  the  coracoid.  It 
passes  anteriorly  and  inserts  by  a  flat  tendon, 
on  the  epicoracoid,  just  posteromesial  to  the 
inserting  tendon  of  the  internal  sternocoracoid. 

LATERAL  TRUNK  MUSCULATURE 

Sacrolumbalis  (Plates  5,  9,  10  and  1 1 )  is  an  ex- 
tensive muscle  which  parallels  the  longissimus 
dorsi  over  the  full  length  of  the  dorsolateral 
surface  of  the  body.  It  is  dorsal  to  the  serratus 
and  superficial  to  the  intercostal  muscles. 

The  sacrolumbalis  originates  from  the  pos- 
terior end  of  the  crest  of  the  ilium.  It  passes 
anteriorly  and  inserts  by  tendinous  bands,  onto 
the  ribs.  The  bands  become  more  easily  dis- 
cernible anteriorly.  Part  of  this  muscle  becomes 
continuous  with  the  longissimus  capitis,  and 
inserts  with  it.  by  a  tendon,  on  the  spheno- 
occipital tubercle  of  the  basioccipital. 

Obliquus  Abdominis  Externus  Superficialis 
(Plates  3,  5,  and  11)  is  a  thin,  extensive  sheet 
of  muscle  which  covers  most  of  the  lateral  sur- 
face of  the  body  and  is  deep,  only  to  tlie  trap- 
ezius and  the  latissimus  dorsi  muscles.  This 
muscle,  with  quite  some  difficulty,  is  separ- 
able into  three  parts.  These  will  be  discussed 
separately. 

The  first  part  is  superficial  to  the  second 
and  anterior  to  the  third  part  of  this  muscle. 
It  is  lateral  and  dorsal  to  the  rectus  abdominis 
externus.  lateral  and  ventral  to  the  sacrokmiba- 
lis,  posterior  to  the  scapula,  and  deep  to  the 
latissimus  dorsi. 

The  majority  of  this  part  takes  origin  by 
separate  heads,  from  aponeurotic  tendons 
which  interdigitate  with  the  sacrolumbalis  and 
attach  to  the  lateral  and  posterior  surfaces  of 
the  second  through  the  eighth  thoracic  ribs 
near  their  dorsal  articulations.  Anteriorly, 
some  of  its  fibers  arise  from  the  distal  ends  of 
the  first  and  second  thoracic  ribs  and  from  the 
entire  posterior  surface  of  the  latter.  All  of  its 
fibers  run  posteroventrally.  The  more  anterior, 
thick,  fibers  from  the  first  and  second  thoracic 
ribs  insert  on  the  xiphoid  rod  and  the  sternal 
part  of  the  incomplete  eighth  thoracic  rib,  just 
deep  to  the  origin  of  the  pectoralis;  and  on  part 
of  the  seventh  thoracic  rib.  Tlie  remaining 
fibers  insert  along  the  lateral  border  of  the 
rectus  abdominis  externus,  posteriorly,  to  the 
thirteenth  thoracic  vertebra. 

The  second  part  lies  deep  to  the  first  part, 
anterior  to  the  third  part,  and  superficial  to 
the  intercostales  and  the  obliquus  abdominis 
intemus. 

This  part  arises  just  mesial,  and  somewhat 
ventral  to  the  origin  of  the  first  part,  and  in 
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Plate  1 1, — Lateral  view  of  head  and  thorax,  fourth  depth. 
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Plate.    12 — Lateral  view  of  head  and  thorax;  fifth  depth 
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this  region  is  not  clearly  separable  from  it.  The 
second  part  originates  with  separate  heads,  by 
flat  tendons  which  are  attached  to  the  lateral 
and  posterior  surfaces  of  the  second  through 
the  eighth  thoracic  I'ibs.  at  the  level  of  the  lat- 
eral border  of  the  sacroliunbalis.  Some  of  the 
tendons  (jf  origin  interdigitate  with  the  sacro- 
lumbalis.  The  fibers  of  this  pait  run  postero- 
ventrally  and  insert,  by  means  of  a  thin  fascia. 
on  the  dorsal  border  of  the  rectus  abdominis, 
in  a  jagged  line  which  lies  closer  to  the  ventral 
midline  than  the  insertion  of  the  first  part. 
The  region  of  this  insertion  extends  from  near 
the  posterior  extent  of  the  eighth  stei'nal  rib, 
posteriorly,  to  approximately  the  area  of  the 
thirteenth   thoracic   rib. 

The  third  part  is  posterior  to  the  first.  How- 
ever, a  few  of  its  anterior  fibers  run  mesial  to 
those  of  the  first  part.  The  third  part  lies 
superficial  to  the  obliquus  abdominis  internus 
and  to  the  intercostales  extemi. 

This  part  arises  by  flat  tendons  which  in- 
terdigitate with  the  sacroliunbalis  and  attach 
to  the  lateral  and  posterior  surfaces  of  the 
eighth  through  the  thirteenth  thoracic  ribs.  It 
takes  further  origin  from  the  dorsolateral  fas- 
cia of  the  back.  Its  fibers  run  posteroventrally 
and  insert,  by  a  short  tendon,  on  the  tubercle 
of  the  pubis,  just  superficial  to  the  origin  of 
the  intercostales  externi. 

Obliquus  Abdominis  Externus  Profundus  lies 
immediately  deep  to  the  more  anterior  fibers 
of  the  first  part  of  the  obliquus  abdominis  ex- 
ternus superficialis,  and  superficial  to  the  in- 
tercostales interni  and  the  sternal  parts  of  the 
thoracic  ribs. 

This  muscle  takes  origin  from  the  distal 
ends  of  the  first  and  second  thoracic  ribs  and 
the  intervening  fascia.  It  runs  posteroventrally 
and  towards  the  ventral  mid-line,  to  insert  by 
separate  slips,  on  the  fourth  through  the  sixth 
thoracic  ribs.  The  jiosterior  portion  of  each  of 
these  inserting  fasciculae  is  overlain  (serratus- 
like)    by  part  of  the   next   one   posteriorly. 

Intercostales  Externi  (Plates  6  and  12)  lie  be- 
tween the  three  cervical  ribs  and  ten  of  the 
thoracic  ribs.  They  are  deep  to  the  second  and 
third  parts  of  the  obliciuus  abdominis  externus. 
the  sacrolumbalis.  the  serratus  complex,  and 
the  levator  scajiulae  muscles;  and  are  super- 
ficial to  the  intercostales  interni  and  the  obli- 
quus abdominis  internus. 

Although  discontiiuious.  due  to  the  inter- 
vening ribs,  this  group  may  be  considered  as 
one  muscle  which  originates  by  a  tendon,  from 
the  tubercle  of  the  pubis.  Its  fibers  run  anter- 
odorsalh-  and  insert,  separately,  on  the  pos 
terior  surfaces  of  the  teiUh.  ninth,  and  eighth 
thoracic  ribs;  and  then  continue  anterodorsallv. 
filling  the  sp<i(es  between  all  the  remaiiiitig 
ribs      The    fillers    are    attached     to    the    enliic 


length  of  the  cervical  ribs  but  extend,  on  the 
thoracic  ribs,  only  from  their  dorsal  heads  to 
the  articulations  with  their  sternal  components. 

Intercostales  Interni  (Plate  12)  lie  immediate- 
ly deep  to  the  intercostales  extemi,  in  the 
spaces  between  the  entire  length  of  the  thorac- 
ic ribs.  Posteriorly  they  terminate,  after  at- 
tachment to  the  tenth  thoracic  rib,  by  passing 
dorsally,  and  uniting  with  the  fascia  of  the 
mid-line  of  the  back.  They  are  deep  to  the 
second  part  of  the  obliquus  abdominis  exter- 
nus and  superficial  to  the  obliquus  abdominis 
internus. 

Obliquus  Abdominis  Internus  is  a  very  thin, 
sheet-like  nmscle  which  lies  deep  to  the  ribs, 
the  intercostales  interni.  the  rectus  abdominis 
externus.  the  costocoracoid,  the  sternum,  and 
the  scapula;  and  is  superficial  to  the  transvei'- 
salis. 

This  muscle  takes  origin  by  means  of  a 
tendinous  aponeurosis,  from  the  inner  surface 
of  all  the  ribs  posterior  to  the  first  thoracic; 
and  from  the  lumbar  fascia.  Its  fibers  run  an- 
teroventrally  and  insert,  with  separate  slips, 
by  aponeurotic  tendons,  on  the  inner  surfaces 
of  the  sternum  and  the  ventral  heads  of  the 
thoracic  ribs.  The  insertion  continues  poster- 
iorly, along  the  dorsal  surface  of  the  rectus 
abdominis,  just  mesial  to  the  insertion  of  the 
second  obliquus  abdominis  externus.  A  few 
of  its  anterior  fibers  insert  on  the  ligament  of 
the  costocoracoid.  and  continue  as  far  anterior 
as  the  second  thoracic  vertebra.  Posteriorly, 
this  muscle  terminates  in  the  region  of  the 
femur  by  attachment  to  a  fine  ligament  which 
passes  dorsall}',  over  the  femoral  muscles,  and 
oecomes  lost  in  the  lumbar  fascia. 

Transversalis  contacts  the  peritoneal  mem- 
brane, internally,  and  the  obliquus  abdominis 
internus.  externally. 

The  transversalis  arises  by  means  of  a  fas- 
cia which  extends  from  the  pelvis  to  the  neck 
region.  The  muscle  fibers  originate  along  the 
portion  of  this  fascia  which  lies  between  the 
second  thoracic  vertebra  and  the  femur.  They 
ran  almost  vertically,  but  somewhat  postero- 
ventrally, and  insert  on  the  inner  surfaces  of 
the  thoracic  ribs,  the  lateral  border  of  the  ster- 
num, and  the  dorsal  surface  of  the  rectus  ab- 
dominis externus. 

STATISTICAL  ANALYSIS  OF  OSTEOLOG- 

ICAL  AND  O  IHER  MORPHOLOGICAL 

CHARACTERISTICS 

Osseous  elements,  unlike  muscles,  lend 
themselves  very  w'ell  to  accinate  measure- 
ments. Therefore,  an  analysis  of  their  size  re- 
lationships has  been  included  here,  rather  than 
a  description  of  their  structure  and  articida- 
tions.    The  detailed   description  of  the  cranial 
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osteology  of  a  closely  related  genus,  Ctenosaura, 
by  Oelrich  (1956)  is  a  very  useful  reference. 
Important  structural  differences  in  the  bones 
of  the  two  species,  here  studied,  are  mentioned 
in  the  discussion. 

Other  morphological  features  which  have 
been  thought  to  be  of  taxonomic  importance  are 
included  in  this  analysis. 

Richmond  (1957)  and  Walker  (1953)  have 
been  followed  with  respect  to  the  formulas  and 
symbols  used  for  the  Mest.  We  recognize 
that  a  certain  amount  of  error  can  be  expected, 
due  to  relative  growth  changes,  when  a  /-test 
is  used  with  a  system  of  ratios  (Lundelius, 
1957:65).  However,  since  the  samples  are 
reasonably  large  and  include  fair  growth  series, 
it  is  felt  that  this  error  is  negligible.  The  sam- 
ple sizes  range  from  12  to  47  and  are  equal 
to,  or  exceed  20  in  most  cases.  Phleger  (1940) 
discusses  the  use  of  a  relative  growth  formula 
for  such  studies. 

A  difference  in  sample  means  is  considered 
significant  if  it  is  too  gi-eat  to  have  happened 
by  chance  alone;  therefore  indicating  an  actual 
difference  in  the  parent  populations.  With 
the  exception  of  the  egg  complement  and  the 
length  of  the  premaxilla,  there  are  no  border- 
line cases;  thus  the  differences  determined  at 
the  .05  level  are  also  significant  at  the  .01 
level  of  significance.  The  actual  value  with 
which  the  computed  t  has  been  compared  is 
2.0  in  most  cases.  Those  cases  in  which  the  / 
value  is  greater  than  4.0,  the  probability  of 
obtaining  such  different  sample  means  by 
chance  alone,  if  the  population  means  are  ac- 
tually equal,  is  less  than  .00006. 

The  measurements  and  counts  are  listed 
in  detail  below,  and  are  repeated  in  abbreviated 
form  in  table  1,  which  summarizes  the  results 
of  the  analysis.  Further  details  may  be  ob- 
tained fromRobison  (1960:38-54). 

1 .  Total  skull  length  taken  from  the  tip 
of  the  snout  (premaxilla)  to  the  poster- 
ior end  of  the  paraoccipital  process  of 
the  exoccipital  bone. 

2.  Maximum  skull  height  taken  from  the 
ventral  surface  of  the  mandible,  in 
the  anterior  region  of  the  angular,  to 
the  most  elevated  point  of  the  frontal 
bone,  just  anterior  to  the  frontoparietal 
suture. 

3.  Width  of  skull  at  the  ectopterygoid, 
measured  from  the  lateral  projecting 
tip  of  its  lateral  process  to  the  same  tip 
of  the  other  ectopterygoid. 

4.  Width  of  skull  at  the  quadrate,  mea- 
sured from  the  anterodorsal  corner  of 
the  tympanic  crest  to  the  same  point 
on  the  opposite  side. 

5.  Snout  to  quadrate,  measured  from  the 
anterior  tip  of  the  premaxilla  to  the 
posterior  surface  of  the  tympanic  crest. 


6.  Snout  to  parietal,  measured  from  the 
anterior  tip  of  the  premaxilla  to  the 
posterodoisal  margin  of  the  parietal 
proper. 

7.  Snout  to  orbit,  measured  from  the  form- 
er to  the  posloiolaleial  suiface  of  the 
prefrontal. 

8.  Parietal  width  measured  across  its 
narrowest  part,  between  the  dorsolat- 
eral crests  which  border  the  supra- 
temporal  fossae. 

9.  Length  of  premaxilla,  measured  from 
its  anterior  to  its  posterior  tips  as  seen 
froin  a  dorsal  view. 

10.  Length  of  fronto-parielal  suture,  mea- 
sured between  the  lateral  tips  of  the 
frontal  and  parietal  bones  at  their 
junction. 

1 1 .  Length  of  the  nasal  bone,  measured 
from  the  fenestra  exonarina  to  its  pos- 
terior tip. 

12.  Width  of  the  orbit,  measured  across  its 
widest  part,  from  the  frontal  to  the 
area  of  the  transverse  process  of  the 
ectopterygoid  bone. 

1  3.  Length  of  the  orbit,  measured  from  its 
anterior  extension  between  the  pre- 
frontal and  the  lacrimal  to  the  notch 
just  lateral  to  the  dorsal  process  of  the 
postorbital. 

14.  Greatest  length  of  the  fenestra  exonar- 
ina. 

15.  Number  of  teeth  or  tooth  sockets  in  the 
entire  premaxilla. 

16.  Number  of  teeth  or  tooth  sockets  in 
the  maxilla  of  both  sides  averaged. 

1  7.  Number  of  dentary  teeth  or  indicated 
tooth  spaces  of  both  sides  averaged. 

18.  Body  width,  measured  at  its  widest 
point  while  pressing  the  specimen 
firmly  against  a   flat  surface. 

19.  Distance  from  snout  to  vent. 

20.  Distance  between  the  mesial  margins 
of  the  external  nares. 

21.  External  width  of  the  temporal  region, 
taken  at  its  widest  point. 

22.  Length  of  the  rostral  scale,  measured 
from  its  left  side  to  its  right  side. 

23.  Length  of  the  labial  adjacent  to  the 
rostral,  measured  from  its  anterior  to 
posterior  margins. 

24.  Length  of  the  mental  scale,  measured 
from  its  left  side  to  its  right  side. 

25.  Length  of  the  labial  adjacent  to  the 
mental,  measured  froTn  its  anteromes- 
ial  to  its  posterolateral  margins. 

26.  Number-  of  scales  bordering  the  mental 
posteriorly,  between  the  infralabials. 
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27.  Sternum    width,    measured    across    its 
widest  point  in  the  region  of  the  artic- 
ulation of  the  third  thoracic  rib   (first 
one  to  articulate  with  the  'Sternum  an 
teriorly). 

28.  Sternum  length,  measured  from  the 
anterior  point  of  the  interclavicle  to 
the  region  between  the  two  xiphoid 
rods. 

29.  Width  of  the  interclavicle,  measured 
near  its  mid-point. 

30.  Width  of  the  clavicle,  measured  at  its 
widest  point. 

31.  Length  of  the  origin  of  the  depressor 
mandibularis,  measured  from  its  begin- 
ning near  the  mid-point  of  the  parietal 
wing,  to  its   posterior  extremity. 

32.  Total  length  of  the  hyoid,  measured 
from  the  anterior  tip  of  the  hypohyal 
to  the  distal  ends  of  the  second  cera- 
tobranchials.  Tlae  terminology  of  Camp 
(1923)  has  been  used  with  respect  to 
the  hyoid. 

33.  Length  of  the  second  ceratobranchiais 
of  the  hyoid,  measured  from  the  pos- 
terior extremity  of  the  basihyal  to  their 
distal  ends. 

34.  Length  of  the  anterolateral  projection 
of  tlie  basihyal  (basal  portion  of  cera- 
tohyal),  measured  from  the  junction 
of  the  hypohyal  with  the  basihyal  to 
the  proximal  end  of  the  ceratohyal. 

35.  Width  of  the  ceratohyal  in  the  region 
including  the  process  which  serves  for 
part  of  the  origin  of  the  branchiohy- 
oideus   muscle. 

36.  The  egg  comits  listed  as  observed  by 
us  were  made  from  eggs  measuring 
over  four  milimeters  in  average  dia- 
meter per  group,  which  were  found  in 
preserved    specimens. 

TABLE  I 

SUMMARIZATION  OF  THE 
STATISTICAL  ANALYSIS 


Ratio  or  Count  Determined  Computed  t 

Depressor  mand.  length  at  origin       5.07 
total  skull  length 

body  width 


4.58 


Significance 
sig  • 

sig. 


distance  between  external  nares 
total  skull  length 
rostral  length 


length  of  adjacent  labial 

mental  length 
length  of  adjacent  labial 
no.  of  scales  post,  to  mental 
skull  width  at  ectopterygoid 


1.35 
1  33 

.27 

4.81 
1,41 


total  hyoid  length 
egg  complement 


2.37 


not  sig, 

not  sig, 

not  sig, 

sig,* 
nut   sig. 


total  skull  length 

skull    width   at   quadrate 

1.79 

not  sig. 

total  skull  length 

maximum  skull  height 
total  skull  length 

1,77 

not  sig. 

snout  to  quadrate 

1,09 

not  sig. 

total  skull  length 

snout  to  parietal 
total   skull  length 

505 

sig.* 

snout   to   orbit 

11,95 

sig.* 

total  skull  length 

frontoparietal  suture  length 

1.12 

not  sig. 

total  skull  length 

width  of  orbit 

1  63 

not  sig. 

length  of  orbit 

number  of  premaxillary  teeth 

number  of  maxillary   teeth 
number  of  dentary  teeth 

1,35 
3,43 
1,00 

not  sig. 
sig.* 
not  sig. 

parietal    width 

2,92 

sig  * 

total  skull   length 

premaxilla  length 
total  skull  length 

2,64 

sig,* 

nasal  length 
total  skull  length 

,02 

not  sig. 

fenestra  exonarina  length 
total  skull  length 

10,66 

sig* 

sternum  width 

6,35 

sig. 

sternum  length 

clavicle   wddth 

6.45 

sig* 

sternum  length 

interclavicle  width 

07 

not  sig 

sternum  width 

second  ceratobranchial  length 

12.28 

sig. 

total  hyoid  length 

ant.   projection  of  basihyal 
total  hyoid  length 

11.20 

sig* 

width  of  ceratohyal  at  process 

3.33 

sig 

sig. 


It  appears  advisable  to  list  the  data  on  egg 
counts  in  detail  (See  Table  2).  Forty-one  fe- 
males of  C.  wislizeni  ranging  from  75  to  115 
snout  to  vent  measurement,  and  forty-two  fe- 
males of  C.  collaris  'from  75  to  105  snout  to 
vent  were  dissected  The  ovaries  of  27  of  the 
former  and  24  of  the  latter  contained  an  av- 
erage of   18.3   and    17.7  eggs   which   were   less 

•In    those    cases    where    the    difference    in    sample    means    is    significant    an    asterisk    indicates    that    the    sample    mean    for    C     wislizeni    was 
the    greater    of    the    two.    and    likewise    the    lack    of   an    asterisk    indicates  a  greater  mean  for  the  C    collaris  sample 


snout  to  vent  length 

total  skull  length 
snout  to  vent  length 
external  temporal  width 
total  skull  length 


5.82 


4.46 


sig 


sig 
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Eggs 

2 
4 
2 
5 
6 
1 
6 
6 
5 
7 
5 
7 
9 
4 
6 
8 
6 
6 
4 
6 
3 

108 


8 
7 
9 

16 

10 

21 
8 
6 
6 
8 
2 
7 

12 
7 
7 
6 
5 
5 
5 
5 
3 
6 
6 

10 
8 
8 

10 
4 
5 
7 
6 
5 
4 
4 
3 
4 
4 
6 
5 
8 
4 
3 

11 
5 
6 
5 
5 


Size 


13.6x22.2 
over  18 
"large" 
16-20  long 
4-5 
9-9.8 
3.8-4.2 
4.0 

10-11x14-15 

9.5-10x11.5-12 

12x17-19 

7 

5 

11-12 

10-12x14-17.5 

5 

6-6.5x7.5-8 

6-8x9-11 


18.3-21x12-111 
11.1x16 


16.96x19.08 

11,4-11.7x18.4-20,3 


10-12x14-15 

9-10x10-12 

8-9 

5-6 

6.5 

10-11x12-13 

13-13.5x23-26 

4 

9-10 

4.5 

4 

7 

10x14 

8-9 

7-9 

3-4.5 

5 


TABLE  2 

Crotaphylus  wislizeni 

Author   or  Locality 

Richardson  1915:408 

Richardson  1915:408 

Richardson  1915:408 

Shaw  1952:72 

Johnson  1948:260 

Camp  1916:522 

Bently  1919:89 

38  mi.  E.  Kanab,  Kane,  Utah 

5  mi,  SW.  Oak  Citv;  Millard,  Utah 
Desert  Exp.  Sta.;  Millard,  Utah 
Battle  Mt.;  Lander.  Nevada 
Boulder  Dam;  Clark,  Nevada 

St.  George;   Washington,  Lftah 
Dugway;  Tooele,  LUah 

6  mi.   N.   Goshen;   Utah,  Utah 
Owyhee   County,    Idaho 

Star  Spring;  Garfield,   Utah 
10  mi.   S.   Cisco;   Grand,   Utah 
Elberta;   Utah,  Utah 
Temple  Junction;  Emery,  Utah 
Temple  Junction;  Emery,  LItah 


Specimen 


Crotaphytus  collaris 

Anderson 

1942:208 

Burt 

1928a:  10 

Burt 

1928a:  10 

Burt   and   Hoyle 

1934:198 

Clark 

1946:136 

Ditmars 

1907:115 

Greenbeig 

1945:229 

Greenberg 

1945:229 

Greenberg 

1945:229 

Hallowel 

1856:239 

Johnson,   et   al. 

1948:259 

Shaw 

1952:73 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Fitch 

1956:236 

Moab;   Grand,   Utah 

10  mi.  S.  Cisco;  Grand,  Utah 

Dewey    Bridge;    Grand,    Utah 

Castair  Canyon;  Kane,  Utah 

Adairv'iUe;  Kane,  Utah 

LaVerkin;    Washington,   LItah 

Topax  Mt,;   Juab,  Utah 

Lvnndyl;  Millard,  Utah 

Fillmore;   Millard,   Utah 

Fillmore;   Millard,   Utah 

15  mi,  S.  Hmckley;  Millard,  Utah 

Gold  Hill;   Tooele,   Utah 

Melba;   Ada,   Idaho 

5  mi.  N.  Brekenridge;  Stephens,  Texas 

5   mi.   E.   Winslow;    Navaio,  Arizona 

5  mi,  E.  Winslow;   Navajo.  Arizona 

Boulder  Dam;   Clark,   Nevada 

Sheep   Island;    Clark.   Nevada 


11381 

11354 

4302 

2918 

460 

515 

14848 

12196 

2835 

12187 

12857 


1625 

12855 

12856 

11385 

14659 

44*4 

9069 

445 

8753 

8755 

4310 

4306 

507 

13117 

13573 

13574 

2935 

4307 


315 
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than  3.6  in  diameter,  respectively.  The  re- 
maining lizards  contained  eggs  measuring  4 
or  more  in  diameter,  and  these  cases  have 
been  listed  indiviclually  in  Table  2.  Small  I'ggs 
were  also  found  along  witii  these  large  ones, 
i'heir  number  averaged  approximately  15  in 
both  species. 

The  reports  of  other  observers  have  been 
included;  in  which  cases,  the  egg  counts  aie 
indicated  by  the  authors'  names  and  references. 
Otherwise,  the  locality  of  collection  and  the 
Brigham  Young  University  museum  number, 
where  possessing  one,  identify  them. 

Three  subspecies  of  C.  collaris  are  included, 
though  C.  collaris  bailcyi  is  represented  by  a 
majority  of  the  specimens.  Egg  sizes  are  given 
where  available.  One  specunen  (B.Y.U.  445) 
laid  3  eggs  prior  to  their  being  measured. 

DISCUSSION  AND  OBSERVATIONS 

MYOLOGICAL  COMPARISONS 

Muscles,  being  the  most  changeable  of  mor- 
phological structures,  as  pointed  out  by  Brock 
(1938:736).  present  many  problems  when  used 
for  comparative  purposes.  Huntington  (1903) 
comments  on  the  difficulties  involved  in  using 
muscles  to  detennine  phylogeny.  The  prob- 
lems are  augmented,  on  the  generic  level,  by 
the  limited  number  of  myological  studies  avail- 
able. 

Episternoclcidomastoideus . — The  character  of 
tins  muscle  suggests  that  C.  collaris  and  C.  re- 
ticulatus  are  more  similar  than  either  is  to  C. 
wislizeni.  There  has  been  a  natural  selection 
in  C.  collaris  and  C.  redculatus  for  an  enlarge- 
ment of  the  mesial  head  which  takes  a  more 
solid  origin;  while  degeneration  has  left  C. 
wislizeni  with  only  a  rudiment  to  represent  it. 
Accounts  of  this  aspect  of  the  episterno- 
cleidomastoideus  in  related  lizards  are  difficult 
to  find.  However,  Camp  (1923:459)  figures 
this  muscle  in  Gekko  verticil latus  as  having 
a  single  head,  and  Oelrich  (1956,  Plate  36), 
in  his  study  of  Ctenosaura  pectinata,  shows  it 
with  a  small  mesial  slip  of  origin. 

Depressor  Mandibularis. — It  was  found  to  have 
three  recognizable  bundles  in  C.  wislizeni.  the 
posterior  of  which  is  easily  separable;  where- 
as only  two,  non-separable  bundles  are  present 
in  C.  collaris.  It  was  also  found  that  the  origin 
of  this  muscle  in  C.  wislizeni  covers  a  greater 
area  than  does  that  of  the  same  muscle  in  C. 
collaris,  with  respect  to  the  skull  length.  The 
separable,  posterior  bundle  in  C.  wislizeni  is 
undoubtedly  the  homologue  of  the  cervico- 
mandibularis  of  other  lizards.  This  muscle  is 
found,  thioughout  the  various  genera,  to  be 
present,  absent,  or  fused  in  different  degrees 
with  the  remainder  of  the  depressor  mandibu- 
laris (Camp.  1923  and  Kesteven,  1944).  Its 
state  in  the  different  cases  does  not  follow  any 


taxonoinic  system,  but  rather,  appears  to  be 
connected  with  a  greatei'  or  lesser  degree  of 
burrowing  habits  (Camp.  1923:448).  The  pre- 
sence of  the  cervicomanibularis  in  C.  wis- 
lizeni and  its  absence  in  C.  collaris,  then,  sug- 
gests greater  fossorial  habits  for  the  fonner, 
but  does  not  give  a  clue  as  to  their  phylogonetic 
relation.  C.  reticulatus  shows  a  closer  relation- 
ship to  C.  wislizeni,  with  respect  to  this  nms- 
cle.   than   to  C.  collaris. 

OSTEOLCJGICAL  AND  GENERAL 
COMPARISONS 

K.iternal  Number,  Shape,  and  Size  Relation- 
ships.—  The  statistical  data  indicate  that  C. 
wislizeni  has  a  more  slender  and  elongated 
body,  a  shorter  skull,  and  a  naiTower  head, 
proportionately,  than  does  C.  collaris.  The 
different  body  shapes  have  resulted  from  selec- 
tion for  more  streamlined  forms,  in  the  case 
of  C.  wislizeni.  which  have  an  advantage  for 
life  on  the  sandy  desert  flats  where  this  lizard 
is  usually  found;  whereas  C.  collaris  has  de- 
veloped a  stout  body,  as  required  by  its  more 
rugged  habitat  on  the  large  rocks  strewn  on 
the  desert  floor  and  at  the  foot  of  talus  slopes. 
The  narrower  head,  as  seen  by  the  skull  wddth/ 
skull  length  comparisons,  is  only  an  external 
character  and  therefore  must  be  interpreted  as 
being  the  result  of  larger  temporal  muscles  in 
C.  collaris. 

No  difference  was  found  with  respect  to 
the  distance  between  the  external  nares,  nor 
in  the  rostral  and  mental  sizes  as  related  to 
the  adjacent  labials.  However,  it  holds  true 
that  the  number  of  postmentals  is  greater  in 
C.  wislizeni  than  in  C.  collaris  (Smith.  1946: 
158).  This  character,  then,  is  important  tax- 
onomically,  but  doubtfully  of  more  than  spe- 
cific  significance. 

We  were  unable  to  find  any  important  dif- 
ference in  the  sizes  of  the  body  and  caudal 
scales  of  the  two  species — first  suggested  as  a 
distinguishing  character  by  Baird  and  Girard 
(1852b:  340).  Seventy-two  per  cent  of  the 
specunens  of  C.  wislizeni  examined  have  an 
enlarged  median  row  of  internasals  (Hallo- 
well,  1852:207),  irregular  in  all  but  one  speci- 
men. Thirty-eight  per  cent  of  the  C.  collaris 
also  have  an  enlarged  median  row,  which  is 
regular  in  one  specimen,  from  Castle  Rock. 
Washington  County,  Utah.  One  individual  of 
the  latter  species  has  two  regular  median  rows. 
Equal  indication  of  a  pregidar  fold  was  found 
in  specimens  of  C.  wislizeni  and  those  of  C. 
collaris.  The  fringe  of  protruding  scales  bor- 
dering the  vential  lamellae  of  the  fourth  hind 
toe.  laterally,  is  constantly  present,  in  varying 
degrees,  in  C.  wislizeni;  but  is  merely  the  re- 
sult of  an  exaggerated  extension  of  a  similar 
bolder  of  scales  in  C.  collaris. 

Therefoie.  it  is  felt  that  all  these  charactei- 
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istics,  as  well  as  the  difference  in  the  dorsal 
scale  pattern  of  the  head  and  the  number  of 
suboculars,  fit  into  the  category  of  minor  or 
unimportant  taxonomic  criteria  in  the  case  of 
these  species. 

Size  Relationships  of  Skull  Parts. — No  differ- 
ence was  found  in  the  relative  skull  width  as 
measured  in  two  places,  the  skull  height,  the 
nasal  bone  length,  the  extent  of  the  fronto- 
parietal suture,  or  in  the  shape  of  the  orbit. 
The  fenestra  exonorina  and  associated  premax- 
illa  lengths,  the  snout  to  orbit  distance,  and 
the  snout  to  parietal  distance  are  greater  in 
C.  wislizeni;  whereas,  the  snout  to  quadrate 
distance  is  not,  and  the  total  skull  length  is 
actually  less,  proportionately,  than  in  C.  col- 
laris.  These  data  indicate  that  C.  wislizeni 
has  a  more  elongated  snout,  and  that  this 
length  advantage  is  carried  on  through  to  the 
posterior  border  of  the  parietal.  However,  an 
immediate  change  takes  place  between  that 
point  and  the  quadrate,  which  results  from  a 
proportionately  greater  extension  of  the  pos- 
terolateral wing  of  the  parietal  in  C.  collaris, 
accompanied  by  an  elongation  of  the  squamo- 
sal and  other  bones  concerned. 

The  longer  snout  of  C.  wislizeni  gives  this 
species  an  advantage  for  burrowing  in  its  typ- 
ical habitat.  It  is  interesting  to  note  that  only 
the  snout  is  elongated,  proportionately,  and  not 
the  entire  head  as  reported  by  Baird  and  Gi- 
rard  (1852a;  69).  The  elongation  of  the  pos- 
terior skull  region  in  C.  collaris,  producing  a 
larger  temporal  fossa  and  a  proportionately 
longer  skull,  is  no  doubt  a  result  of  correlation 
with  the  selection  for  larger  temporal  muscles 
in  this  species,  as  mentioned  above.  A  similar 
condition  was  reported  by  Lundelius  (1957) 
for  Sceloporus  olivaceus  and  S.  undulatus. 

The  data  show  that  the  distance  between 
the  dorsolateral  margins  (crests)  of  the  parietal 
proper  is  proportionally  greater  in  C.  wislizeni. 
It  was  also  observed  that  this  distance,  in  the 
species  mentioned,  increases  slowly  with  age. 
whereas  in  C.  collaris  after  the  sub-adult  or 
adult  stage,  it  decreases.  The  decrease  results 
from  a  mesial  movement  of  the  crest,  by  de- 
mand of  the  developing  temporal  muscles  as 
the  parietal  grows  upward.  The  fact  that  this 
crest  does  not  move  mesially  in  C.  wislizeni 
is  evidence  for  the  lesser  importance  of  the 
jaw  muscles  in  this  species. 

Less  obvious  differences  in  the  skulls  are 
the  more  arched  frontal,  the  less  posteriorly 
inclined  posterior  margin  of  the  fenestra  ex- 
onarina  as  seen  laterally,  and  the  greater  gen- 
eral bone  thickness  in  the  case  of  C.  collaris. 
The  two  ffirmer  characters  have  been  modified 
in  C.  irislizeni  for  burrowing  habits,  while  the 
latter  is  undoubtedly  correlated  with  the  great- 
er jaw  muscles  of  C.  collaris.  Cope  (1892:202- 
203  and  1900:246-247)  states  that  the  pineal 
foramen  is  in  the  parietal  in  C.  wislizeni.  and 


in  the  frontal  in  C.  collaris,  bordering  the 
coronal  (fronto-parietal)  suture  in  both  cases. 
We  have  found  this  foramen  present  in  the 
frontal  and  parietal  of  both  species.  However, 
it  is  usually  found  centered  in  the  suture. 
Brattstrom  "(1953:177-178)  notes  some  slight 
differences  in  the  shape  and  size  of  the  max- 
illae of  C.  wislizeni  and  C.  collaris.  George 
(1955)  demonstrates  some  skull  differences 
between  Urornastix  hardwicki  and  U.  aegyptia. 

Number  and  types  of  Teeth. — The  number  of 
premaxillary  and  dentary  teeth  is  the  same 
in  both  species,  but  C.  wislizeni  has  more  max- 
illary teeth,  and  they  are  narrower  and  slight- 
ly longer  than  those  of  C.  collaris.  The  short, 
thick  teeth  of  C.  collaris  are  compatible  with 
its  heavier  skull  and  more  massive  jaw  mus- 
cles. 

Both  species  posses  pterygoid  teeth,  as  re- 
ported for  the  genus  by  Boulenger  (1885:203). 
It  is  not  clear  why  Camp  (1923:365-366)  lists 
one  species  of  this  genus  as  lacking  such  teeth. 

Sternum  and  Related  Parts. — The  sternum  is 
proportionately  narrower  in  C.  wislizeni,  as 
correlated  with  its  elongated  body  and  fossorial 
habits.  In  this  species  the  clavicle  is  wider, 
proportionately,  to  allow  for  its  fairly  large 
and  regular  perforation  which  lies  deep  to  the 
origin  of  the  clavodeltoideus  muscle.  Twenty 
per  cent  of  the  specimens  of  C.  collaris  ob- 
served had  some  type  of  a  perforation  in  the 
clavicle;  usually  in  the  form  of  a  slit,  but 
never  large  or  regular.  The  solid  clavicle  of 
C.  collaris  provides  gi-eater  support  for  the 
pectoral  apparatus.  No  difference  was  seen 
with  respect  to  the  interclavicle  width. 

Boulenger  (1885:203)  considers  Crotaphy- 
tus  as  lacking  a  median  sternal  fontanelle,  and 
Cope  (1892:203  and  1900:247)  states  that  C. 
collaris  has  one,  whereas,  C.  wislizeni  does  not. 
We  found  at  least  a  small  median  fontanelle 
to  be  present  in  all  specimens  of  both  species 
examined,  except  two  of  C.  collaris  from  El- 
berta,  Utah  County.  Utah;  and  Colonia  Juar- 
ez, Chihuahua,  Mexico   (B.Y.U.   15185). 

Hyoid  Character. — The  hyoid  is  very  different 
in  these  species.  The  second  ceratobranchials 
are  proportionately  shorter  as  well  as  weaker 
and  less  closely  appressed  in  C.  wislizeni.  The 
length  of  the  anterolateral  projection  of  the 
basihyal  is  greater  in  C.  wislizeni,  whereas  the 
mesial  process,  sei-ving  for  the  origin  of  the 
branchiohyoideus  muscle   is   narrower. 

It  seems  logical  to  attribute  these  hvoid  dif- 
ferences to  sexual  selection,  in  C.  collaris,  for 
males  with  larger  throat  fans  and  to  assume 
that  this  was  not  a  selective  character  in  C. 
wislizeni.  Supporting  this  view  is  the  fact  that 
the  latter  species  has  not  developed  a .  bright 
coloration  of  the  gular  region  in  correlation 
with  the  throat  fan.  as  has  C.  collaris  (Burt, 
1929:418)     This  mav  be  an   important   factor 
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in  discouraging  hybridizatiun  between  these 
sympatric  species. 

Egg  Complement. — Unfortunately,  original  ob- 
servations on  egg  clutches  for  Crotciphytus  are 
few;  and  these  have  been  repeated,  often  with- 
out reference,  by  numerous  authors.  The  re- 
port of  Ditmars  0907:115)  of  21  eggs  laid  by 
a  female  C.  collaris  has  almost  become  legend- 
ary; in  spite  of  the  fact  that  all  subsequent 
observers  have  reported  strikingly  fewer 
eggs.*  Those  which  have  observed  egg  clutches 
or  large  eggs  within  females  are:  Bently 
(1919:89),  Camp  (1916:522),  Johnson  (1948: 
260).  Richardson  (1915:408),  and  Shaw 
(1952:72),  for  C.  wislizcni;  and  Anderson 
(1942:208),  Burt  (1928a:  10),  Burt  and  Hoyle 
(1934:198).  Clark  (1946: 136),  Ditmars  (1907: 
115).  Fitch  (1956:236),  Greenberg  (1945:229), 
Hallowell  (1856:239),  Johnson  et  al.  (1948: 
259).  and  Shaw  (1952:73),  for  C.  collaris.  The 
details  of  these  reports  are  listed  in  Table  2. 

The  high  counts  of  small  eggs  within  the 
ovaries  of  both  species,  as  compared  to  the 
number  of  eggs  finally  laid,  suggest  a  pattern 
similar  to  that  found  in  Eumeces  skiltonianus 
(Tanner.  1957:82-89).  However,  the  fact  that 
small  eggs  are  still  present  when  others  are 
ready  to  be  laid  raises  the  possibility  that 
atrophy  does  not  take  place  as  in  the  skink, 
but  that  a  few  eggs  are  induced  to  enlarge  to 
laying  size,  while  the  others  remain  for  use 
at  a  later  date.  The  data  at  hand  are  insuffic- 
ient to  allow  a  decision. 

The  average  number  of  eggs  which  we  de- 
termined for  C.  collaris  is  slightly  lower  than 
that  of  7.55  ±  .7  found  for  29  clutches  by 
Fitch  (1956:235).  However,  this  difference  is 
not  significant  (t^.971).  Although  our  anal- 
ysis of  data  suggests  a  borderline  difference 
between  the  egg  complements  of  the  two  spe- 
cies, if  the  exceptional  obsei'vations  of  Ditmars 
(1907:115)  and  Burt  and  Hoyle  (1934:198) 
are  not  included,  this  difference  is  not  signifi- 
cant even  at  the  .05  level  of  significance  (t^ 
1.86). 

There  is  some  reason  to  question  the  val- 
idity of  these  extreme  egg  counts.  Uncontrolled 
conditions  existed  in  both  cases,  since  Ditmars 
(1907:115)  apparently  had  several  lizards 
within  the  same  enclosure,  and  the  observa- 
tion of  Burt  and  Hoyle  (1934:198)  was  made 
in  the  field.  If  the  true  mean  of  the  nuinbei' 
of  eggs  per  clutch  is  around  6.7,  as  suggested 
by  the  present  analysis,  the  statistical  proba- 
bility that  a  clutch  with  21  eggs  would  occur 
by  chance  alone  is  so  small  that  it  can  be  con- 
sidered extremely  unlikely. 

The  present  study  is  limited  by  the  fact 
that    we    have    assumed    that    the    number    of 


•We  do   not  consider   the  report   of   Strecker    (1910:6).   which   has  aKi 
servation 


laige  eggs  (over  4nini.  in  diameter)  in  female 
lizards  is  a  good  indication  of  the  actual  num- 
ber laid  per  clutch.  Also,  a  certain  amount 
of  bias  can  be  expected  because  all  of  the  sub- 
species of  C.  collaris  were  not  represented  by 
equal  numbers.  Further  studies  are  necessary 
before  the  egg  complement  can  be  used  as  a 
taxonomic   chaiacter  for  these   species. 

CONCLUSION 

Smith  (1946:158-159;  usetl  ten  characters 
to  distinguish  Gambelia  as  a  genus.  Only  half 
of  these  are  true  differences  between  C.  wis- 
lizetii  and  C.  collaris:  1 )  the  external  shape 
of  the  head,  2)  the  numbei-  of  postmentals,  3) 
the  number  of  suboculars,  4)  the  general  char- 
acter of  the  dorsal  head  scales,  and  5)  the 
character  of  the  scales  which  border  the  ven- 
tral lamellae  on  the  lateral  surface  of  the 
fourth  toe. 

Additional  differences  between  the  two 
species  are:  1 )  the  character  of  the  episterno- 
cleidomastoidous  and  the  depressor  mandibular- 
is  muscles,  2)  the  body  proportions,  3)  the  rel- 
ative size  and  shape  of  the  skull  and  its  com- 
ponent bones,  4)  the  number  of  maxillary 
teeth,  5)  the  shape  of  the  sternum.  6)  the 
width  and  character  of  the  clavicle,  and  7)  the 
relative  sizes  of  the  hyoid  parts.  C.  reticulatus 
is  intermediate  between  the  two  species  of  this 
study  with  respect  to  the  episternocleidomas- 
toideus  and  the  depressor  mandibularis 

Many  of  the  characters  found  to  be  differ- 
ent are  a  direct  result  of  the  adaptations  of 
these  sympatric  species  to  their  respective  hab- 
itats. Our  data  suggest  that  none  are  of  generic 
significance. 

Based  on  the  evidences  available  in  this 
study  as  well  as  those  indicated  in  previous 
studies,  there  is  no  reason  to  separate  Gambelia 
from  Crotaphytus. 

SUMMARY 

The  anterior  musculature  of  C.  wislizeni 
and  C.  collaris  is  described  in  detail  and  com- 
pared. Size  and  number  relationships  of  the 
skull  and  its  component  bones,  the  sternum,  the 
clavicle,  the  parts  of  the  hyoid,  the  general 
body  form,  certain  scales  and  teeth,  and  the 
eggs  per  clutch  were  determined  for  large  sam- 
ples of  both  species  and  then  statistically  com- 
pared. The  general  character  of  many  struc- 
tures is  also  compared  and  notes  are  made  on 
C.  reticulatus. 

The  differences  cncounteretl  by  this  study, 
as  well  as  the  valid  ones  of  those  listed  by 
Smith  (1946:158-159)  are  not  considered  to  be 
important  generically  and  Gambelia  is  not 
given  generic  status 

bet^n    rejieateiJ    many    liiiics,    lu    lia\f    been    ba^ed    on    an    aetual    ob 
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PREFACE 

This  paper  constitutes  a  terminal  report  to  the  United  States  Atomic 
Energy  Commission  for  Contract  AT(  11-1)  786,  It  provides  a  listing  of  the 
fauna  known  to  occur  at  the  Nevada  Test  Site,  with  designation  of  ecological 
distribution  and  relative  density.  It  is  designed  to  serve  as  the  basic  faunistic 
reference  source,  in  subsequent  studies,  related  to  geographical  and  ecological 
features  at  the  test  site. 
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INTRODUCTION 


Since  the  fii'st  nuclear  detonation  at  the 
Nevada  Test  Site  in  January,  1951,  many 
weapons  and  experimental  devices  have  been 
tested  in  southern  Nevada.  The  native  plants 
and  animals  have  been  disturbed  to  varying 
degrees  by  the  thermal,  radiation,  and  other 
physical  effects  of  these  tests. 

In  August,  1959,  Brigham  Young  Univer- 
sity initiated  an  ecological  survey  of  the  fauna 
at  the  Nevada  Test  Site  to  study  the  effects 
which  these  nuclear  tests  have  had  on  the 
native  animals.  Inasmuch  as  no  basic  ecological 
investigations  were  made  at  the  test  site  before 
tuiclcar  testing  commenced,  our  studies  were 
designed  to  develop  standards  of  measurement 
to  determine  past  imclear  effects,  so  far  as  pos- 
sible, as  well  as  to  measure  the  effects  of  future 
tests.  Subsequently,  study  sites  were  established 
in  (1 )  test  areas  where  visible  effects  of  nuclear 
detonations  were  obvious,  (2)  contiguous  areas 
where  no  physical  effects  were  evident,  and  (3) 
areas  several  miles  distant  from  centers  of  nu- 
clear detonations  (ground  zeros).  Principal  ob- 
jectives of  our  project  were  to  determine  the 
kinds,  population,  seasonal  occurrence,  geo- 
graphic and  ecological  distribution,  migration, 
home  range,  and  related  habits  of  native  ani- 
mals in  these  areas.  This  woidd  facilitate  (1) 
selection  of  species  of  animals  which  would 
serve  as  standards  of  measurement  to  determine 
how  the  ecological  structure  in  a  selected  com- 
nnmity  had  been  affected  by  the  thermal,  radi- 
ation,   and    other    physical    factors    in    nuclear 


testing;  and  (2)  establish  techniques  of  pro- 
cedure so  that  studies  may  be  made  in  similar 
ecological  situations  where  nuclear  detonations 
have  occurred  or  may  occur. 

Dining  the  three  years  from  1959  to  1962 
(hat  these  studies  were  in  progress,  large  num- 
bers of  animals  were  captiued  and  studied,  and 
volumes  of  data  were  gathered.  The  initial 
analysis  of  these  data  was  dependent  upon  the 
identification  of  the  organisms  collected.  Spe- 
cialists were  employed  to  classify  the  many 
taxonomic  groups.  In  some  groups  of  the  in- 
vertebrates specialists  were  not  available  who 
could  identify  the  species.  Some  vertebrate  ani- 
mal groups  were  studied  in  detail,  and  some  of 
these  data  have  been  published. 

As  a  basis  for  reports  which  are  to  follow, 
it  is  the  objective  of  this  report  to  (1)  identify, 
delineate,  and  describe  the  major  plant  com- 
nnmities  of  the  Nevada  Test  Site,  (2)  include  a 
listing  of  the  ])redominant  animals  occurring  in 
these  connnunities.  with  a  designation  of  their 
relative  abundance  and  seasonal  occurrence,  and 
(  3 )  list  phylogenetically  all  the  species  of  ani- 
mals known  from  the  test  site  and  the  com- 
munities in  which  they  are  found. 

The  delineation  of  the  plant  communities  is 
rather  general  and  does  not  include  certain 
plant  associations.  Detailed  botanical  studies 
continued  over  several  years  will  perhaps  neces- 
sitate a  refinement  of  our  present  plant  com- 
mimity  designation.  Nevertheless,  the  present 
arrangement  fits  the  needs  of  the  present  study. 


EXTENT  AND  GENERAL  GEOGRAPHY  OF  THE  NEVADA  TEST  SITE 


The  Nevada  Test  Site  (proving  grounds)  is 
situated  approximately  70  miles  northwest  of 
Las  Vegas,  Nevada,  in  the  southeastern  part  of 
Nye  County.  It  lies  alongside  northwestern 
Clark  County  and  southwestern  Lincoln  Coun- 
ty (Fig.  1).  It  is  approximately  1,300  square 
miles  in  size,  extending  40  miles  north  to  south 
and  about  35  miles  east  to  west.  It  is  included 
in  the  Las  Vegas  Bombing  and  Gunnery  Range 
which  comprises  approximately  4,000  square 
miles. 

Johnson  and  Hibbard  (  1957)  iiave  given  an 
account  of  the  geology  of  the  jH'oving  grounds 
in  Nevada.  Most  of  the  descriptive  information 
on  the  geographic  features  which  follows  vvas 
extracted  from  their  report.  Maps  and  geograph- 
ic names  which  accompany  this  report  are  also 
based,  for  the  most  part,  on  their  report.  Recent 


LInited  States  Geological  Survey  maps  of  the 
test  site  area  were  also  used.  Figures  4,  5,  and 
44  are  composites  from  these  sources  which 
show  mountain  ranges,  valleys,  and  our  desig- 
nation of  plant  communities. 

The  geography  of  the  test  site  is  typical  of 
the  landscape  in  southwestern  desert  areas  of 
the  United  States  (Fig.  2  and  3).  There  are 
low-lying,  rugged  mountain  ranges  which  are 
sparsely  vegetated,  and  intei-vening  valleys  into 
which  erosional  material  has  been  deposited 
over  the  ages,  creating  extensive  alluvial  fan- 
like deposits.  Those  deposits  extending  from  the 
bases  of  the  mountains  and  hills  comprise  the 
bajadas,  or  foothills.  The  composition  of  the 
bajadas  is  reflected  in  the  source  from  which 
the  erosional  mateiial  was  derived  and  the  de- 
gree of  incline  and  deposition.  Composition  of 
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Fig,  1.     Geographic  location  of  the  Nevada  Test  Site    and    the    approximate    bounaary    between    the 
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these  deposits,  in  part,  also  affects  the  char- 
acteristics of  plant  cover  and  faunal  associates 
(Hardy,  1945). 

Another  characteristic  feature  of  some  of  the 
southwestern  desert  areas  of  the  United  States 
are  those  valleys  in  which  moisture  from  snow 
melt  and  rain  is  trapped  when  run-off  occurs 
from  the  surrounding  terrain.  The  silt-laden 
waters  which  eventually  reach  the  lowest  ele- 
vation in  such  valleys  concentrate  as  ephemeral 
bodies  of  water  which  upon  evaporation  leave  a 
deposit  of  fine  silt  and  clay  that  becomes  very 
hard  when  dry.  These  lake  beds  are  termed 
playas  and  for  the  most  part  lack  conspicuous 
vegetation  (Fig.  3). 

The  principal  geographic  areas  in  which  our 
studies  were  conducted  are  three  valle3's  and 
selected  areas  on  hills,  mountains,  and  mesas. 
Two   of   the   valleys   are   catchment   basins   in 


which  relatively  laige  playas  exist.  The  north- 
ernmost is  Yucca  Flat,  south  of  which  is  French- 
man Flat,  separated  from  the  former  by  a  low 
ridge  called  Yucca  Pass.  The  relative  size  of  each 
valley  and  the  positions  and  size  of  their  playas 
are  shown  in  Figure  44.  With  reference  to 
Yucca  Flal,  Johnson  and  Hibbard  state  (p.  365) 
that  "the  alluvial  fill  tliickens  toward  the  cen- 
tral part  of  the  valley  to  about  800-1000  feet." 
They  state  further,  "Seismic  surveys  (Farnham, 
oral  communication)  determined  a  depth  to 
bedrock  of  about  650  feet  in  the  playa  in 
Frenchman  Flat."  The  actual  thickness  of  the 
playa  itself  ".  .  .  was  calculated  by  seismic 
methods  to  be  about  175  feet  thick  (Farnham, 
Di'al  comnuinication) ." 

The  other  valley  where  studies  were  con- 
ducted is  known  as  Jackass  Flats  (Fig.  44).  This 
is  not  a  land-locked  basin  like  the  two  above 
but  drains  south  and  west  from  the  test  site. 


CLIMATIC  CONDITIONS 


Nevada  lies  to  the  east  and  leeward  side  of 
the  Sierra  Nevada  mountain  range  which  forms 
a  massive  barrier  to  the  prevailing  winds  from 
the  west.  This  barrier  to  moist  air  has  resulted, 
at  least  in  part,  in  a  vast  desert  region  of  which 
the  Nevada  Test  Site  is  a  part.  The  drier  air 
that  descends  the  eastern  slopes  of  the  Sierras 
is  warmed  by  compression  so  that  little  precipi- 
tation occurs  until  it  moves  farther  east,  rises 
and  cools  as  it  approaches  other  ranges  where 
it  drops  precipitation  on  the  local  mountains. 

During  the  summer  moist  tropical  air  from 
a  southerly  quadrant  invades  the  southwestern 
deserts  (Weedfall,  1962).  whereas  moisture 
from  other  directions  is  effectively  blocked  by 
higher  mountain  ranges.  Siunmer  precipitation 
is  due  primarily  to  convective  showers  associ- 
ated with  thunderstorms  which  in  turn  are  in- 
duced by  low-level  humidity.  This  phenomenon 
results  in  considerable  variation  in  precipitation 
at  different  positions  at  the  test  site.  Rainfall 
was  4.42  inches  at  3,356  ft.  elevation  and  8.75 
inches  at  7,480  ft.  elevation  at  two  stations  in 
1960,  and  3.66  inches  and  6.74  inches  at  the 
same  stations  in  1961. 

Most  of  the  precipitation  occurs  during  the 
winter.  From  1959-1961  36%  of  the  rainfall 
was  between  April  and  September,  whereas 
64%  occurred  during  the  remaining  months. 

Snowfall  is  sparse  in  the  lower  valleys  and 
usually  persists  for  only  short  periods.  Although 
the  high  plateaus  and  mesas  frequently  have 
considerable  snow,  it  usually  does  not  remain 
in  sufficient  amounts  to  continually  cover  the 


ground.  This  results  from  the  fact  that  daily 
temperatin-es  frequently  rise  considerably  above 
freezing  even  in  the  winter.  Consequently,  there 
is  a  lack  of  extended  periods  of  extreme  cold 
which  would  delay  snow  melt. 

The  summers  at  the  test  site  are  long  and 
hot  and  the  winters  short  and  mild.  The  high- 
est temperature  recorded  at  the  test  site  was 
112°  F  in  July,  1959,  at  Jackass  Flats.  The 
minimum  was  3°  F  in  January,  1959,  at  Yucca 
Flat.  The  average  maxima  and  minima  vary 
with  the  location,  from  64°  to  11"  F  maximimi 
and  39°  to  52°  F  minimum.  Prolonged  periods 
of  extreme  cold  are  rare  due  primarily  to  moun- 
tainous barriers  which  lie  to  the  east  and  north 
and  block  off  the  cold  continental  air  masses. 
Diurnal  temperature  changes  typical  of  desert 
regions  fluctuate  as  much  as  51°  on  clear  days 
but  may  not  differ  more  than  20°  on  cloudy. 
windy  days.  Temperature  inversion  zones  have 
been  demonstrated  at  the  Nevada  Test  Site. 
Frenchman  and  Yucca  flats  are  closed  basins; 
hence,  cold  air  drainage  from  the  mountains 
frequently  results  in  the  formation  of  cold  air 
pockets  in  the  valley  floors. 

Relative  humidity  varies  from  near  2%  to 
approximately  90%.  the  highest  occurring  in 
the  predawn  hours  and  the  lowest  during  day- 
light hours.  The  average  is  about  21%  in  sum- 
mer as  contrasted  with  30%  in  winter. 

Prevailing  winds  are  westerly,  although  lo- 
cal physiograjihic  features  sometimes  result  in 
winds  from  a  southerly  direction.  High  winds 
are  rare.  Dust  and  sandstorms  occur  occasional- 
ly, particularly  during  the  spring  months. 
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Little  is  known  concerning  the  early  inhabi- 
tants and  e.xplorers  in  the  actual  area  of  the 
Nevada  Test  Site.  According  to  Harrington 
(1930),  archaeological  evidence  to  indicate  In- 
dian inhabitants  in  adjacent  areas  was  reported 
by  Jedediah  S.  Smith  in  1827,  M.  S.  Duf field  in 
1904,  A.  V.  Kidder  in  1912,  H.  P.  Mera  in 
1913,  and  N.  C.  Nelson  in  1921.  In  the  course 
of  our  studies  at  the  test  site  Indian  artifacts 
were  recovered. 

Early  explorers  to  southern  Nevada  were 
ledediah  S.  Smith,  Antonio  Armijo,  and  others 
who  followed  the  Old  Spanish  Trail  which 
passed  near  the  present  site  of  Las  Vegas.  Min- 
ing ventures  which  brought  numerous  people  to 
contiguous  areas  as  well  as  the  area  of  the  test 
site  is  evidenced  by  mine  shafts  and  prospect 
holes. 

Cane  Springs  at  the  test  site  is  notable  as  a 
water  source.  Inasmuch  as  it  is  a  continuous 
source  of  water,  it  was  a  likely  stopping  place 
for  early  travelers  and  explorers.  Murbarger 
(1956)  reported  that  in  1928  the  mining  town 
of  Wahmonie  in  the  eastern  part  of  Jackass 
Flats  on  the  test  site  boomed  abruptly  to  a  popu- 
lation of  1,500,  obtaining  its  water  supply  by 
tank  from  Cane  Springs.  Almost  as  abruptly,  it 
became  one  of  the  many  typical  ghost  towns. 

The  first  major  biological  expedition  in  the 
vicinity  of  the  test  site  was  the  Wheeler  survey 
of  1871-1877.  Later  came  the  Death  Valley  ex- 
pedition of  1891-1893  led  by  C.  Hart  Merriam. 
There  is  no  evidence  that  the  Wheeler  group 
visited  the  actual  area  of  the  test  site,  and  the 
Death  Valley  expedition  circumvented  it  en- 
tirely, although  they  may  have  visited  adjacent 
Emigrant  Valley  (Palmer,  1893).  John  C.  Fre- 
mont, who  delineated  the  Great  Basin  region 
and  gave  it  that  name  (Tanner,  1940),  passed 
by  the  test  site  area  in  1844.  This  was  while  he 
was  enroute  to  Las  Vegas,  Nevada  from  Walk- 
er Pass  in  the  high  Sierra  Nevada  Mountains. 
LaRivers  (personal  correspondence)  and  his  as- 
sociates at  the  Llniversity  of  Nevada  made  sev- 
eral collecting  trips  into  southern  Nevada  since 
1948.  but  none  of  these  involved  the  test  site. 

Several  botanical  studies  were  made  in  the 
Charleston  Mountains  southeast  of  the  test  site. 
Merriam  (1893)  reported  on  the  vegetation  of 
southern  Nevada  as  observed  by  the  Death  Val- 
ley expedition.  From  1909  until  his  retirement 
in  1945  Shreve  (1951)  was  actively  engaged  in 
field  studies  of  the  vegetation  in  the  deserts  of 
southwestern  LTnited  States  including  areas  con- 
tiguous to  the  Nevada  Test  Site.  We  have  no 
record,  however,  of  his  actually  traversing  the 
test  site  itself.  In  the  summer  of  1937  LaRivers 
(personal  correspondence)  collected  plants  in 
areas    now    involved    in    the    test    site.    Clokey 


(1951)  published  the  only  comprehensive  flora 
of  the  area  and  reviewed  the  earlier  investiga- 
tions of  Purpus,  Jones,  Haller,  Tidesti^om,  Jae- 
gar,  Hitchcock.  LaRivers,  Hancock,  Maguire, 
Alexander,  and  Kellogg.  Although  Clokey  spent 
parts  of  seven  years  in  or  near  the  Charleston 
Mountains,  he  apparently  did  not  enter  the 
area  of  the  test  site.  Tidestrom  (1925)  like 
Clokey  did  not  visit  the  test  site  proper;  never- 
theless, his  published  studies  on  the  plants  of 
the  general  region  are  an  important  source  of 
reference. 

Recently,  between  1957  and  1961,  Shields 
(1958,  1959a,  1959b),  Shields  and  Rickard 
(1960),  Shields,  Rickard,  and  Drouet  (1959), 
Shields,  Durrell,  and  Sparrow  (1961),  Shields 
and  Wells  (1962,  1963),  Rickard  (1959,  1961, 
1963),  Drouet  (1959),  and  Durrell  and  Shields 
(1960),  associated  with  New  Mexico  Highlands 
University,  studied  the  effects  of  nuclear  deto- 
nations on  plants  at  the  test  site.  At  present, 
plant  studies  are  being  conducted  there  by 
Janice  C.  Beatley  (1962)  and  William  E.  Mar- 
tin of  the  University  of  California,  Los  Angeles. 

The  first  extensive  work  on  mammals  of 
southern  Nevada  was  begun  in  1928  by  Burt 
(1934),  but  he  did  not  study  the  area  of  the 
test  site.  Hall  (1946)  published  the  next  major 
work  in  his  "Mammals  of  Nevada"  and  re- 
viewed the  work  on  mammals  covering  the 
period  from  1930  to  1946.  He  recorded  collec- 
tions from  several  localities  on  and  adjacent  to 
the  test  site. 

Aside  from  the  early  reports  by  Henshaw 
(1875,  1877,  1880),  Nelson  (1875),  and  Fisher 
(1893)  on  the  birds  of  Nevada,  the  first  exten- 
sive treatise  was  prepared  by  Ridgway  (1877), 
zoologist  with  the  United  States  Geological  Ex- 
pedition of  the  40th  Parallel.  Hoffman  (1881) 
published  the  first  comprehensive  listing  of  Ne- 
vada birds  and  summarized  the  findings  of  Hen- 
shaw and  Ridgway.  Only  isolated  records  of 
birds  were  published  between  1881  and  the 
more  recent  works  of  Jaeger  (1927),  Van  Ros- 
sem  (1936).  and  Linsdale  (1936,  1951).  Gul- 
lian,  Pulich  and  Evenden  (1959)  studied  the 
birds  of  southern  Nevada  and  reported  several 
species  from  the  region  of  the  test  site.  Some 
ornithological  records  have  been  published  by 
members  of  the  U.  S.  Fish  and  Wildlife  Service 
(Anon.  1961 )  at  the  Desert  Game  Range  which 
is  adjacent  to  the  eastern  boundary  of  the  test 
site.  Rickard  (1961)  published  on  the  nesting 
habits  of  several  species  observed  at  the  test  site. 

Following  the  reports  of  reptiles  by  Yarrow 
(1875).  Yarrow  and  Henshaw  (1878),  and 
Stejneger  (1893)  resulting  from  the  Wheeler 
and  Death  Valley  expeditions,  Bentley  (1919), 
Van  Denburgh  and  Slevin  (1921).  and  Linsdale 
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Fig.  4.     Principal  collecting  sites  of  vertebrates  (Sites   of   incidental   collections   are   not   included). 


Fig.  5.  Permanent  sites  for  year-round  studies  of  animals,  and  principal  sampling  stations  of  in- 
vertebrates (Open  squares  -  permanent  study  sites  of  mammals;  solid  square  -  permanent 
study  site  of  lizards;  solid  circles  -  permanent  and/ or  principal  sampling  study  sites  of 
ground-dwelling  invertebrates;  solid  triangles  -  permanent  study  sites  of  invertebrates  as- 
sociated with  predominant  plant  species;  open  hexagons  ■  general  collection  and  study  sites 
of  all  animals.  Sites  of  incidental  collections  are  not  included). 
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Fig.  6.     Young-type  rodent  trap. 
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Fig.  7.     Museum   Special,   breal<back  traps. 


Fig.  8.     Oneida-Victor  carnivore  trap. 
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(.1940^  publislied  exclusively  on  .Xcvadii  rep 
tiles.  Linsdale  (1940)  first  listed  records  ob- 
tained from  the  area  of  the  test  site.  Other  re- 
cent records  for  southern  Nevada  are  listed  by 
LciHivers  (1942)  and  Banta   (1950,  1963). 

As  far  as  is  known,  the  invertebrate  fauna 
of  the  test  site  and  adjacent  vicinity  has  not 
been  studied  except  for  incidental  collections 
reported  by  various  workers  in  their  specific 
fields.  The  survevs  by  Rehn  (1924)  and  his  as- 
sociates, and  LaRivers  (1938,  1943,  1948)  are 
examples. 

In  1941  an  area  of  approximately  4,000 
square  miles  in  southern  Nevada  was  designat- 
ed as  the  Las  Vegas  Bombing  and  Gunnery 
Range.  This  included  and  surrounded  the  pres- 
ent area  of  the  Nevada  Test  Site  (Fig.  1).  The 
establishment  of  this  range  essentially  excluded 


biological  surveys  from  that  area.  Following 
the  establishment  of  the  Nevada  Test  Site  in 
1950  and  the  initiation  of  nuclear  testing  in 
1951,  biological  investigations  in  that  specific 
area  have  been  limited  to  those  scientists  closely 
associated  with  the  development  of  nuclear  de- 
vices. Since  1950  approximately  150  such  de- 
vices have  been  detonated  at  the  test  site  with 
varying  effects  on  the  flora  and  fauna.  Recent 
faunal  studies  of  the  test  site  in  association 
with  the  nuclear  testing  program  were  reported 
by  Allred,  Beck,  and  Murdock  (1960),  Allred 
(1960,  1961,  1962a,  1962b).  White  and  Allred 
(1961).  Allred  and  Beck  (1962,  1963a.  1963b), 
White  (1962).  Jorgensen  (1962a,  1962b),  Jor- 
gensen  and  Orton  (1962),  Chamberlin  (1962a, 
1962b),  Richards  (1962),  Killpack  and  Goates 
(1963),  Cole  (1963).  Goates  (1963),  and  Pack- 
ham  (1963). 


PROCEDURES  AND    ACKNOWLEDCIMENTS 


The  Nevada  Test  Site  is  a  security  area 
closed  to  the  general  public.  Researchers  must 
have  permission  for  access.  Even  then,  restricted 
areas  within  the  test  site  are  not  fullv  ac- 
cessible. 

Most  of  our  permanent  study  sites  were 
established  in  the  valleys,  although  considerable 
sampling  was  done  in  some  of  the  mountainous 
areas.  Some  of  the  mesas  are  of  sufficient  ele- 
vation that  deep  snows  are  present  for  several 
months.  In  those  areas  somewhat  restricted  for 
reasons  of  security,  or  which  were  only  season- 
ally accessible,  short-term  studies  uere  made 
as  opportunities  allowed.  Figures  4  and  5  show 
the  geographical  locations  of  our  study  sites. 

Several  techniques  of  collecting  animals 
were  used.  The  principal  trap  used  for  rodents 
was  a  Young-type,  wire  animal  trap  (Fig.  6). 
It  is  15  inches  long  by  41/2  inches  square  and  is 
made  of  3-mesh  hardware  cloth  on  the  sides, 
top,  bottom,  and  one  end.  The  door  of  galvanized 
sheet  metal  closes  by  gravity  drop.  For  other 
rodent  sampling  the  Museum  Special,  break- 
back trap  was  used  (Fig.  7).  Quick-cooking 
rolled  oats  was  used  as  bait  for  rodents.  Oneida- 
Victor  coyote  traps  (Fig.  8),  rifles  and  shot- 
guns were  used  for  collecting  badgers,  foxes, 
coyotes,  and  other  carnivores.  Birds  were  collect- 
ed by  use  of  various  gauge  shotguns,  Japanese 
mist  nets,  and  funnel  traps  made  of  hardware 
cloth  and  baited  with  mixed  grains.  Lizards 
were  caught  by  hand,  with  nets,  and  by  use  of 
small  caliber  shot  shells,  but  principally  by  use 
of  sets  of  sunken  cans  (Fig.  9).  These  consist  of 
an  outer,  galvanized  metal  case.  7  inches  in 
iliameter  and  14  inches  long  with  a  stainless 
steel,  flanged  inner  can  slightly  smaller  in 
size.  Invertebrates  were  collected  with  aerial, 
sweeping,  and  beating  nets,  sunken  cans  ( same 


as  above),  and  Berlese  funnels  15  inches  in 
diameter  and  3  ft.  in  length  (Fig.  10).  Ecto- 
parasites were  removed  from  hosts  by  brushing 
and  with  the  aid  of  the  binocular  dissecting 
microscope. 

The  application  of  sampling  techniques  to 
selected    areas   of   study   was   principally   done 


Fig.  10.     Berlese  funnel. 
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under  one  or  more  of  the  following  plans. 
Grids  of  15.6  acres  were  used  with  stations  at 
75-ft.  intervals  (Fig.  11).  Smaller  grids  with 
collecting  stations  at  35-ft.  intei-vals  were  also 
utilized.  Line  transects  radiating  from  a  central 
point  were  employed;  some  had  collecting  sta- 
tions at  30-ft.  and  others  at  264-ft.  intervals 
(Fig.  12).  These  transects  varied  from  750  ft.  to 
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Fig.  11.     Grid  arrangement  of  collecting  stations 
at  permanent  study  sites. 


1  '/2  miles  in  length.  .-\  third  method  of  sam- 
pling consisted  of  two  parallel  transects.  60  ft. 
apart,  with  traps  spaced  at  30-ft.  intervals 
(Fig.   13). 
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Fig.  12.  Radiating  transect  arrangement  of  col- 
lecting stations  at  permanent  study  and 
sampling  sites. 


Fig.  13.     Paired  transect  arrangement  of  collect- 
ing stations  at  sampling  sites. 

Sight  observations  of  reptiles,  birds,  lago- 
morphs,  carnivores,  and  artiodactyls  were  re- 
corded, and  miscellaneous  collections  of  all 
animals  were  made  as  opportunity  permitted. 

Vegetation  composition  of  the  study  sites 
was  analyzed  by  the  line  intercept  method. 

All  applicable  data  were  recorded  on  IBM 
|uincii  cards  Analyses  and  tabulations  were 
made  with  an  IBM  650  computer. 
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BIOTIC  COMMUNITIES 


The  Nevada  Test  Site  is  situated  in  an  in- 
teresting ecological  desert  area.  It  lies  on  the 
border  of  the  l^pper  and  Lower  Sonoran  life 
zones  as  defined  by  Merriam  (1802,  189.3, 
1898),  the  Artemisian  and  Mohavian  biotic 
])roviiices  of  Dice  (1943),  and  the  Shadscale- 
Kangaroo  Rat  (Cool  Desert)  and  Creosote  Bush- 
Desert  Fox  biomes  of  Shelford  (1945).  The 
boundary  between  the  Great  Basin  and  Mohave 
deserts,  as  defined  by  Jaeger  (1957),  crosses 
the  Nevada  Test  Site  (Fig,  1 ).  The  Great  Basin 
was  designated  as  a  geographic  province  by 
Fremont  (1845).  The  Mohavian  Biotic  Prov- 
ince was  described  bv  Dice  (1943).  although 
Shreve  (1951)  and  Jaeger  (1957)  delimited 
ap[)roximately  the  same  geographic  area  in 
their  definition  of  the  Mohave  Desert 

Inasmuch  as  our  studies  were  directed  to 
ward  a  detailed  examination  of  small  biolii 
communities,  we  coidd  not  applv  the  broad 
systems    of    community    classification    such    as 


Life  Zones,  Biotic  Provinces,  or  Biomes  of  these 
other  workers.  Consequently,  we  used  the  vari- 
ous vegetative  complexes  at  the  test  site  as  a 
basis  for  community  identification  and  compari- 
son. This  is  what  Shields  (1958)  did  in  her 
studies  of  the  plants  at  the  test  site.  At  that 
time  she  defined  eight  vegetation  zones.  Subse- 
quently, Shields,  Rickard,  and  Drouet  (1959) 
and  Shields  and  Rickard  (1960)  redefined  these 
zones  as  vegetation  types.  Fautin  (1946)  faced 
a  similar  situation  in  designing  a  workable 
scheme  of  community  classification  in  his 
studies  of  the  Northein  Desert  Shrub  Biome  in 
Utah.  Hayward.  Beck  and  Tanner  (1958) 
applied  a  similar  approach  in  their  studies  of  the 
zoology  of  the  upper  (Colorado  River  Basin. 

VVe  have  applied  the  concept  of  Munz  and 
K(>ck  (1959)  to  the  two  major  types  of  vegeta- 
tion at  the  test  site.  These  are  the  Desert  Scrub 
and  the  Desert  Woodland  (also  known  as  the 
Pigmy  Forest),  which  we  have  subdivided  into 
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plant  communities  (Fig.  44).  Under  tiic  Deceit 
Scrub  Type  we  have  designated  five  communi- 
ties: Larrea-Franseria.  (irayia-Lycium.  Coleo- 
gyne,  Atriplex-Kochia,  and  Salsola.  Under  the 
Desert  Woodland  Type  tliere  is  one  community, 
the  Pinyon-Juniper.  This  arrangement  is  well 
adapted  to  the  type  of  ecological  investigation 
conducted  in  our  study. 

Within  a  community  plants  characteristic 
of  other  communities  frequently  occur.  How- 
ever, these  species  are  localized  and  are  not 
found  distributed  throughout  the  community. 
These  peculiar  situations  undoubtedly  result 
from  differing  edaphic  and  climatic  factors  as 
discussed  by  Rickard  and  Murdock  (1963). 
Such  areas  frequently  are  the  habitats  for  ani- 
mal species  which  may  not  occur  elsewhere  in 
the  typical  community.  A  listing  of  some  of  the 
more  common  plants  found  in  the  several  com- 
munities is  given  in  Appendix  I. 

Once  the  plant  communities  at  the  test  site 
were  delineated  for  our  purposes,  the  predomi- 
nant animals  associated  with  each  connnunity 
were  determined. 


PLANT  COMMUNUriES 

Larrea-Franseri.'\  Community 

This  community  is  recognized  as  belonging 
to  the  Mohave  Desert  (Shreve,  1951;  Jaeger, 
1957).  The  vegetation  of  Mercury  Valley.  Rock 
Valley,  Jackass  Flats,  and  Frenchman  Flat  is 
predominantly  Larrea  divaricala  and  Franscria 
dumosa  which  gives  these  areas  many  of  the 
characteristics  of  this  southern  desert  (Fig.  14). 

In  this  community  there  are  areas  where 
the  vegetative  pattern  varies  from  the  typical 
predominant  combination  of  Larrea  and  Fran- 
seria.  Around  the  playa  of  Frenchman  Flat 
Atriplex  con ferti folia  occurs  as  a  narrow  band 
in  a  relatively  piu'e  stand.  It  also  frequently 
occurs  in  abundance  on  the  bajadas,  hillsides, 
and  along  the  washes.  Similarly,  Atriplex  cane- 
scens  occurs  between  the  playa  and  the  stand 
of  A.  confertifolia  and  usually  extends  up  the 
washes  from  the  lake  bed. 

On  the  gently  sloping  bajadas  of  northern 
Jackass  and  Frenchman  flats,  the  stands  of 
Larrea  and  Franseria  give  way  abruptly  to 
stands  of  Coleogyne  ramosissima;  frequently 
there  is  an  area  of  heterogenous  vegetation  be- 
tween. This  situation  occurs  along  Mercury 
Ridge,  Skull  Mountain,  Mine  Mountain,  and 
on  the  Spotted  and  Specter  ranges. 

In  Jackass  Flats  there  is  an  extensive  area 
which  supports  an  almost  pure  stand  of  Larrea 
divaricala.  Although  this  situation  is  not  com- 
mon at  the  test  site,  it  frequently  occurs 
throughoiU  other  parts  of  the  Mohave  Desert.  A 
stand  of  Larrea  divaricala  and  Lycium  rickard ii 
is    conspicuous    on    the    bajada    southeast    of 


Frenchman  Playa,  an  area  intersected  by  many 
washes.  In  Frenchman  Flat  Lycium  pallidum 
occurs  in  abundance  as  a  narrow  stand  which 
extends  in  a  southwesterly  direction  from  the 
playa  through  an  extensive  area  of  Larrea  and 
Franseria.  In  Rock  Valley  there  are  areas  which 
are  predominantly  Lycium  andersonii.  Al- 
though small  areas  of  similar  vegetation  occur 
at  other  parts  of  the  test  site,  this  particular 
area  is  appreciably  larger  than  most. 

Grayia-Lycium  Community 

Shreve  (1951)  stated  that  (irayia  spinosa 
is  occasionally  found  in  place  of  Larrea  divari- 
cala and  Franseria  dumosa  in  mountainous 
areas  of  the  Mohave  Desert  at  elevations  below 
stands  of  Coleogyne.  Jaeger  (1957)  suggested 
that  it  coexists  with  Eurolia  lanala  at  lower 
elevations  in  northern  Utah,  and  Shreve  (1951 ) 
added  that  Grayia  spinosa  and  Coleogyne  ram- 
osissima occur  in  place  of  Larrea  divaricala  and 
Franseria  dumosa  at  higher  elevations  in  the 
northern  parts  of  the  Mohave  Desert.  Although 
Grayia  spinosa  and  Lycium  andersonii  occur 
in  varying  degrees  with  Larrea  divaricala  and 
Franseria  dumosa  on  the  test  site,  the  (irayia- 
Lycium  community  attains  its  most  impressive 
development  in  Yucca  Flat  where  it  covers 
many  square  miles  of  the  bajada  (Fig.  15).  At 
the  somewhat  higher  elevation  of  Buckboard 
Mesa,  there  is  a  large  stand' of  Grayia  spinosa 
and  Artemisia  Iridenlala. 

Near  the  edge  of  the  Grayia-Lycium  com- 
munity and  next  to  the  Atriplex-Kochia  com- 
munity in  Yucca  Flat,  there  is  a  small  stand  of 
Atriplex  confertifolia  and  Eurolia  lanala.  In  the 
lower  part  of  the  valley,  Atriplex  and  Eurolia 
occupy  a  position  similar  to  that  described  by 
Jaeger  (  1957)  for  the  Great  Basin  Desert. 

At  the  east  side  of  Yucca  Flat  on  the  sandy 
bajada  there  is  an  association  of  plants  that  is 
unique.  It  consists  of  several  species,  of  which 
Tetradymia  glabrata  is  one  of  the  most  prom- 
inent. This  situation  is  also  common  to  Pluto- 
nium Valley  east  of  Yucca  Flat. 

(yOLEOGYNE   COMMUNITY 

Coleogyne  ramosissima  t)ccurs  as  one  of  the 
most  pure  stands  of  plants  at  the  test  site  (Fig. 
lb).  These  stands  may  be  in  patches  only  100 
ft.  in  diameter  on  the  side  of  a  mountain  or 
occur  as  belts  as  much  as  several  miles  in 
length  on  the  gently  sloping,  rocky  foothills. 

Scattered  stands  of  Larrea  divaricala  and 
Coleogyne  occur  in  several  areas  along  the  up- 
|)er  bajadas  in  Yucca  Flat.  Wells  (personal  cor- 
respondence) demonstrated  that  one  of  the 
stands  was  in  a  temperature  inversion  zone. 
Temperature  inversion  niay  explain  the  exist- 
ence of  these  localized  stands  of  Larrea,  but  not 
the  isolated  jilants  in  both  the  Coleogyne  and 
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Fig.  16.     Coleogyne  Community. 


Fig.   17.     Atriplex-Kochia  Community. 
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Grayia-Lycium  coninninities.  Franseria,  which 
is  frequently  associated  with  Larrea  and  Coleo- 
gyne  in  Frenchman  and  Jackass  flats  apparenly 
is  absent  in  Yucca  Flat. 

Coleogyne  exists  as  a  complex  mosaic  in  the 
northern  end  of  Mid  Valley  where  it  occurs  in 
small  almost  pure  stands  next  to  almost  pure 
stands  of  Artemisia  tridentaia.  These  are  some- 
times separated  from  each  other  by  narrow 
ecotones  of  less  than  10  ft. 

On  both  sides  of  Yucca  Pass  there  is  an  as- 
sociation of  Yucca  hrevijolia  and  Coleogyne 
that  is  found  in  almost  every  area  in  Yucca 
Flat  where  Yucca  occurs  in  large  numbers. 

Atriplex-Kochia  Community 

This  distinct  conmninity  consists  primarily 
of  Atriplex  confertifoUa  and  Kochia  americana 
(Fig.  17).  It  occupies  an  extensive  area  at  the 
margin  of  the  Yucca  Playa  where  there  is  ex- 
tremely shallow  soil  covering  a  nearly  impervi- 
ous clay  substrate.  An  occasional  wash  lined 
with  Atriplex  canescens  intersects  this  com- 
munity. 


S.ALsOLA  Community 

During  nuclear  weapons  testing  large  areas 
are  denuded  of  native  vegetation.  Plants  on  the 
fringes  of  these  areas  frequently  are  partially 
burned  or  broken  by  the  heat  and  shock  waves. 
Such  disturbance  creates  areas  suitable  for  in- 
vasion of  Salsola  kali  and  ecologically  related 
species  (Fig.  18).  The  total  area  covered  by 
these  invading  plants  is  relatively  large,  but 
pure  stands  are  usually  restricted  to  the  areas 
surroiuiding  ground  zeros. 

PiNYON-JuNIPER    COMMUNITY 

The  Desert  Woodland  is  well  developed  at 
the  northwestern  corner  of  the  test  site  as  a 
Pinus  nionophylla  and  Juniperus  osteosperma 
community  (Fig.  19).  This  well  developed  com- 
munity is  common  at  higher  elevations  through- 
out the  Mohave  Desert  and  on  the  foothills  and 
moiuitains  of  low  elevation  in  the  Great  Basin. 
At  the  test  site,  stands  of  Pinyon  and  Juniper 
occur  in  various  combinations  with  Artemisia 
tridentata  and  Coleogyne  ramosissima. 


-'-■■?-'t»i>''^#':'-»'^;?tf^^ 


P"ig.  HO.     Cane  Springs. 
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Other  1 1  abitats 

Areas  that  aix'  nut  l>pital  of  llu>  major  plant 
communities  occur  within  and  adjacent  to  them. 
These  areas  are  sometimes  the  permanent  habi- 
tat for  ammals  lli.il  .iic  not  frequently  associat- 
(h1  with  the  iiredommant  plants  typical  of  these 
major  communities.  For  purposes  of  this  report, 
mountainous  areas,  natuial  spiings,  resei-voirs, 
and  playas  are  groujied  together  as  .Mixed 
communities. 

Movmtainous  areas  weie  not  included  in 
the  descrijition  of  plant  communities  due  to  the 
diversity  of  plant  species  which  occur  there  and 
because  these  areas  are  not  specifically  includ- 
ed in  our  overall  siuveys.  In  these  areas  plants 
occur  in  various  combinations,  and  each  canyon 
oi'  rocky  outcrop[)ing  frecjuently  has  a  different 
combination  of  plant  species  associated  with  it. 
In  many  cases  the  same  species  that  were  found 
in  these  areas  were  also  found  on  the  bajadas. 

Several  natural  springs  are  known  in  the 
mountainous  areas  at  the  test  site.  Some  of 
them  have  been  modified  to  exploit  the  water 
supply.  Cane  Springs  {Fig.  20)  was  developed 
by  digging  further  into  water  producing  strata 
and  a  reservoir  was  built  to  hold  the  constant, 
year-round  supply  of  water.  I'ippipah,  Topo- 
pah,  and  White  Rock  springs  have  not  been  so 
fully  developed.  Almost  all  of  the  shrubby 
species  found  on  the  bajadas  occur  near  the 
springs  as  scattered  or  small  clusters  of  plants. 
There  are  some  plant  species  pecidiar  to  moist 
habitats  which  are  only  present  near  the  above 
springs.  Generally,  however,  the  vegetation 
about  the  springs  differs  little  from  that  found 
in  mesic  canyons. 


Several  reservoirs  were  established  at  the 
test  site  as  part  of  the  testing  program.  Two 
that  were  studied  for  faimal  surveys  were  sup- 
plied with  water  from  Well  3B  in  a  Cirayia- 
Lycium  conmnmity.  and  Well  5B  in  a  Larrea- 
F"i'ansei'ia  conumunty.  Tiie  vegetation  has  been 
essentially  clinnnated  from  the  area  inmiediate- 
ly  adjacent  to  those  reservoirs,  but  Chara  sp.  is 
common  in  the  water. 

The  playas  are  considei'ed  as  important 
habitats  since  they  frequently  hold  large  vol- 
umes of  water  for  varying  periods  of  time,  al- 
though they  are  usually  dry  dining  the  sum- 
mer months.  Uidike  the  saline  playas  conmion 
to  nuich  of  the  Mohave  Desert,  the  non-saline 
playas  of  the  test  site  are  usually  surrounded 
with  Atriplex  canescens,  A.  confertifolia,  and 
other  associated  species.  Essentially  no  vascular 
plants  occur  on  these  playas. 

ANIMAL  INHABITANTS 

In  the  discussion  and  illustrations  that  fol- 
low, data  are  included  for  those  groups  of  ani- 
mals which  were  studied  systematically  for  at 
least  one  year.  These  data  show  plant  com- 
munity distribution,  seasonal  occurrence,  and 
relative  population  density. 

Although  Hardy  (1945)  and  Allred  and 
Beck  (1963b)  discussed  the  effects  of  edaphic 
factors  on  the  distribution  of  mammals  in  south- 
western Utah  and  at  the  Nevada  Test  Site,  we 
have  not  included  such  data  in  this  paper.  Soil 
textures  vary  so  greatly  within  the  different 
plant  communities  that  it  was  not  practical  to 
attempt  to  relate  these  to  each  systematic  group 
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Fig.  21.     Distribution  by  community  and  relative  abundance  of  predominant  species  of  solpugids  and 
scorpions. 
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(jf  animals  for  theif  bioad  c(jmnuiiiity  tlistrihu- 
tion.  Only  llie  predominant  species  of  each 
group  were  selected.  A  complete  listing  of  all 
the  identified  species  and  theii-  known  ecologi- 
cal distribution  at  the  test  site  is  included  in 
Appendix  II. 

In  the  figuies  which  show  the  seasonal  dis- 
tribution for  each  of  the  [)red(jniinant  sjiecies 
(e.g.  Fig.  22),  relative  abundance  is  uidicated  by 
the  vertical  diameter  t)f  the  symbol.  Relative 
abundance  of  each  species  in  its  taxonomic 
group  is  proportional  onlv  within  th(>  plant 
community  indicated.  For  example,  m  Figure 
24  the  relative  abundance  of  Psilochorus 
utuhensis  in  the  I-arrea-Franseria  community 
cannot  be  compared  with  the  same  species  in 
the  Coleogyne  community.  Relative  abundance, 
however,  can  be  compared  in  each  case  with 
other  species  in  the  same  community. 

In  the  figures  which  show  community  re- 
lationships only,  relative  abundance  of  each 
species  is  shown  in  direct  proportion,  regardless 
of  community  and  taxonomic  group.  In  these 
figures  a  median,  single  line  opposite  each  spe- 
cies indicates  that  it  was  present  in  numbers 
too  small  to  plot  with  the  scale  used. 

Scorpions 

These  animals  were  found  in  only  four 
communities  (Fig.  21  ).  They  were  most  abund- 
ant in  numbers  of  individuals  in  the  Larrea- 
Franseria,  although  the  greatest  number  of  l^ 
species  was  found  in  the  Grayia-Lycium.  The 
most  widely  distributed  of  the  five  known 
species  was  Vejovis  confusus.  The  scorpions 
were  evident  during  late  summer  and  early 
autumn   (Fig.  22). 


animals  (F'ig.  23).  They  were  most  abundant 
in  numbers  of  individuals  in  the  Larrea-Fran- 
seria,  although  the  greatest  number  of  species 
was  found  in  the  (Trayia-Lyciuni.  Gnaphosu 
hirsutipes  and  Psilochorus  utahensis  were  the 
most  widely  distributed  of  more  than  HO  species 
known  for  the  test  site.  The  spiders  as  a  group 
were  evident  every  month  of  the  year,  although 
individual  species  were  seasonally  restricted. 
They  were  most  abundant  during  the  summer 
(Fig.  24). 

Soi.in'GiDs 

These  arachnids  were  found  in  five  commu- 
nities (Fig.  21).  They  were  most  abundant  in 
numbers  of  individuals  in  the  L.arrea-FVanseria. 
although  the  greatest  number  of  sjiecies  was 
found  in  the  Grayia-Lycium  community.  The 
most  widely  distributed  of  approximately  30 
species  were  llcmerotreclia  serrata  and  Thcro- 
bates  arcellus.  Solpugids  were  most  obvious  dur- 
ing summer  (Fig.  25). 

Ph.al.angids 

Only  one  species,  Globipes  spinulaius,  was 
found  at  the  test  site.  It  was  collected  in  five  of 
the  communities  and  was  most  abundant  in  the 
Coleogyne  community  (F'ig.  23).  Phalangids 
were  evident  principally  during  late  winter  and 
early  spring  (Pig.  26). 


Spiders 

All    communities   were   inhabited    by    these 


Although  these  crustaceans  were  found  in 
four  communities,  they  were  rarely  collected  in 
communities  other  than  Larrea-Franseria  at 
the  test  site  (Fig.  27).  Armadillo  arizonicus 
was  the  more  widely  distributed  of  the  two 
species  recorded.  Isopods  were  evident  princi- 
pally during  summer  and  early  autumn  (Fig. 
26). 
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Fig.  22.     Seasonal    occurrence    and    relative    abundance  of   predominant   species  of  scorpions. 
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P"ig.  23.     Distribution  by  community  and  relative  abundance    of    predominant    species    of    phalangids 
and  spiders. 


Fig.  24.     Seasonal  occurrence  and  relative  abundance  of  predominant  species  of  spiders. 
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Fig.  25.     Seasonal   occurrence   and    relative   abundance  of  predominant  species  of  solpugids. 
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Fig.  26.     Seasonal  occurrence  and  relative  abundance   of    predominant    species   of   isopods    and   pha- 
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Fig.  27     Distribution  by  community  and  relative  abundance  of  predominant  species  of  isopods,  milli- 
peds,  and  chilopods. 


(iRASSHOPPERb  AND   CrICKETS 

These  animals  were  found  in  all  six  com- 
nuinities  (Fig.  28).  The  greatest  numbers  of 
indidivuals  were  found  in  the  Grayia-Lyciimi, 
Coleogyne,  and  Pinyon-Juniper  communities, 
although  the  greatest  number  of  species  was 
found  in  the  Coleogyne.  Acheta  assimilis  and 
Trimerotropis  pallidipennis  were  the  most  wide- 
ly distributed  of  the  more  than  50  species  col- 
lected. Seasonally,  the  occurrence  of  these  ani- 
mals varied  with  the  species.  As  a  group,  grass- 
hoppers and  crickets  were  evident  every  month 
of  the  year.  The  majority  of  the  species  were 


most  obvious  during  late  summer  and  autumn 
(Fig.  29). 


Beetles 

The  darkling  beetles  (Tenebrionidae)  were 
found  in  five  communities  (Fig.  30).  They 
were  most  abundant  in  numbers  of  individuals 
in  the  Grayia-Lycium  community.  The  greatest 
number  of  species  was  found  in  the  Larrea- 
Franseria.  Of  the  approximately  50  species 
known,  Eleodes  obscura  was  the  most  widely 
distributed.  Darkling  beetles  were  evident  every 
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Fig.  28.     Distribution  by  community  and  relative  abundance  of   predominant   species  of  grasshoppers 
and  crickets. 
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month  of  the  year,  although  individual  species  were  most  abundant  in  numbers  of  individuals 
were  restricted  seasonally.  The  period  when  in  the  Grayia-Lycium  and  Pinyon-Juniper  (Fig. 
most  species  were  obvious  was  late  summer  32).  The  greatest  number  of  species  was  found 
through  early  autumn  (Fig.  31).  in  the  latter  community.  Of  the  53  species  re- 

corded, Myrniecocystiis  mexicanus,  Pogonomyr- 
.       ,  mex  caUfornicus,  and  Pheidole  bicarinata  were 

the  most  widely  distributed.  Ants  were  evident 
Ants  were   found   in   all   communities,   but      from  early  spring  to  middle  autumn,  although 


Pliinl 


[   SpPCK 


ee 


Hunlrnii  puni  lulus 

( U-ulfiupliiliis  1,/riirllipcs 
Ciholacris  pnrriceps 


('ruthi<p/tilus  I'issor 

( ' cuihopiuUis  larncHipes 


J7 


Cfuthophilus  fossor 
Ct-ulhophilus  InmcUipes 

M  or  sea  cftlifornica 
Xanthippus  corallipes 


cz> 


CeuthophUus  lamclUpes 


12 


Trimerolropis  ryancipctvin 


Ceuthophilus  fo: 


CeuthophUus  Uimellipes 


Ceuthopliilus  fossor 
Ceuthophilus  lamelUpes 


<1111 


■^    rinj» 


Fig.  29.     Seasonal   occurrence   and   relative   abundance  of  predominant   species  of  grasshoppers  and 
crickets. 
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Fig.  32.     Distribution    by    community    and    relative  abundance  of  predominant  species  of  ants. 
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Fig.  33.     Seasonal    occurrence    and    relative    abundance  of  predominant  species  of  ants. 
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iiiosl    .species    were    more    icsliKted    seasonally  were  most  abundant  in  luinilun's  of  individuals 

{Fig.  33).  Myrmecocystus  rorna/us  WHS  uhsious,  in    the    Pinyon-Junii)ei-    community,    although 

every  month  of  the  vear.  the  greatest   number  of   species   was   found   in 

the  Grayia-Lycium.  The  most  widely  distribut- 

Chilopous  pj]  ,,(■  (]^p  f^y^  species  was  Sculopcudra  rnichcl- 

The  centipedes  were   found   in   small   num-  hachcri.  Chilopods  were  obvious  |)rincipally  in 

bers    in    all    six    communities    (Fig.    27).   They  the  spring  and  summer  ( Fig.  34j. 
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Fig.  34.     Seasonal   occurrence   and   relative   abundance    of    predominant     species    of    chilopods     and 
millipeds. 
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rhfbe  ciiiiiiiiils  were  not  abuiidatil  at  the 
test  silt'  and  wciv  found  in  only  four  lonuiuuii- 
ties  I" Fig.  27 j.  Tlie  most  widely  disliibuted  of 
the  foui-  spec  it's  was  Arinolus  /wradaf.  This 
and  the  olliei  j)ied()niinant  species,  Orthichelu^ 
rnirhclhaiheri,  wore  most  alnuulunt  in  the 
Larrea-I'ranseria  community.  The  greatest 
ruimher  of  species  was  found  in  the  Grayia- 
Lycium  and  the  (>oleogyne  communities.  Milli- 
|)eds  were  obvious  principally  during  the  winter 
monllrs  (Fig.  34). 


Lizards  were  found  in  all  communities.  No 
particular  community  supported  greater  num- 
bers of  individuals  of  this  group  as  a  whole 
than  another,  although  certain  species  wei-e 
nioie  abundant  in  some  communities  than  in 
otheis  (Fig.  35).  The  greatest  number  of  spe- 
cies was  found  in  the  Larrea-Franseria.  The 
most  widely  distiibuted  of  the  15  species  was 
the  side  blotched  lizard.  Via  stansbiiriuna.  Liz- 
ards as  a  group  were  evident  principally  from 
early  spring  to  late  summer,  although  U .  stans- 
buriana  was  active  the  year  round  (Fig.  .36). 
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Sn.\kks 

They  vverc  louiid  in  only  Iwn  i  luiiinuiiitics 
(Fig.  35).  Of  iho  1()  kinds  rcioKled.  ihe  ^rci\\ 
est  nunihor  of  sp(>(  ics  \\<is  fomul  in  the  (iiaviii 
Lyciuni.  The  single  jiredoniitiiuit  speries.  the 
shovel-nosed  sniike,  (  himuirtis  orr ipi//ilis.  was 
most  abundant  in  the  Lar  rea-I'ransena.  ']  his 
.species  was  obvious  during  lale  s|)iing  and 
summer  (Fig.  36). 

Birds 

Birds  were  widely  distributed  at  the  test 
site,  although  certain  species  were  restricted  in 
their  distribution  (Fig.  37).  Nearly  200  species 
were  recorded.  They  were  most  abundant  in 
numbers  of  individuals  in  the  Grayia-Lycium, 
although  the  greatest  number  of  species  was 
observed  in  the  PinyonJuniper  and  Larrea- 
Franseria  communities.  The  most  widely  dis- 
tributed species  were  the  black-throated  spar- 
row. Amphispiza  hilincata;  house  finch,  (arpr> 
dacus  mexicanus;  red-tailed  hawk,  Huteo  jamai- 
censis;  common  raven,  Corvus  coraxi  logger- 
head shrike,  Lanius  hidovicianus;  mockingbird. 
Mirnus  polyglottis;  ash-throated  flycatcher, 
Myiarchus  cincrasccns.  and  mourning  dove, 
7,etmidura  macroiira.  Different  species  of  birds 
were  present  during  different  seasons  due  to 
their  migratory  habits  (Fig.  38).  House  finches 
and  horned  larks  were  present  all  year  round 

Rabbits 

Although  three  species  were  collected,  the 
black-tailed  jack  rabbit.  Lcpus  califoniici/s.  was 
the  only  predominant  one  at  the  test  site.  The 
desert  cottontail.  Sylvilagus  nudubonni,  was 
widely  distributed  however,  and  was  found  in 
abundance  at  Cane  Springs  and  other  localized 
situations.  Jack  rabbits  were  observed  in  all  six 
communities,    but    were    most    evident    in    the 


nrayialA'cium  (Fig.  39).  Seasonally  th<-v  were 
most  obvious  during  late  winter,  early  ^^jinng, 

and  e,iil\   snniTiKM'  (Fig.  40). 

\\>  u)r\'  rs 

These  were  the  most  abiuidaiit  mammals 
at  the  test  site  and  were  common  to  all  com- 
nuuiities  (Fig  41  ).  Highest  populations  of 
rodents  as  a  grou])  were  found  in  the  Larrea- 
P'ranseria.  No  single  community  supported  sig- 
nificantly greater  numbers  of  species  than  an- 
other. The  most  widely  distributed  of  the  10 
species  was  the  white-tailed  antelope  sijuirrel, 
AmmospcrmophiJus  Iruciirus.  Some  species 
were  more  restricted  to  certain  [ilant  types  and, 
subsequently,  soil  types,  than  to  others.  In  the 
Larrea-Franseria  community,  Dipodoniys  rner- 
riami,  Peromyscus  crinitus.  and  Perognatltus 
formosus  were  much  more  abundant  in  the 
more  pure  stands  of  these  plants  than  where 
Lycium  was  abundant.  This  situation  was  re- 
versed with  reference  to  D.  microps.  In  the 
Coleogyne  community  fewer  D.  rnerriami  wore 
found  in  the  more  puire  stands  of  Coleogrne 
than  where  Larrea  or  Artemisia  were  associated 
with  Coleogyne.  Invet  sely,  J)  microps  was  most 
abundant  where  Coleogyrie  occurred  in  more 
pure  stands.  Most  species  were  obvious  the  year 
round  fFig,  42). 

Carnivores 

Only  two  of  the  eight  species  of  carnivores 
at  the  test  site  were  considered  predominant. 
The  coyote,  Canis  lalrans,  and  kit  fo.x.  Viilpes 
macrotis  were  observed  in  five  of  the  communi- 
ties (Fig.  39).  The  coyote  ranged  most  widely. 
Both  species  were  more  frequently  observed  in 
the  Larrea-Franseria  than  in  other  communities. 
They  were  most  obvious  during  the  winter  and 
early  spring  (Fig.  43). 
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Fig.  37.     Distribution  by  community  and  relative  abundance  of  predominant  species  of  birds. 
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Rabbits 
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Fig.  39.     Distribution  by  community  and  relative  abundance   of    predominant    species   of   rabbits,   car- 
nivores, and  artiodactyls. 
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Fig.  40.     Seasonal    occurrence    and    relative    abundance   of   predominant   species  of  rabbits. 
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Fig.  41.     Distribution  by  community  and  relative  abundance  of   predominant  species  of  rodents. 
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Fig.  42.     Seasonal    occurrence    and    relative    abundance  ol  predominant  species  of  rodents. 
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Fig.  43.     Seasonal  occurrence  and  relative  abundance   of    predominant     species    of    carnivores    and 
artiodactyls. 


Artiod.actvls 

The  mule  (lecf.  Uunia  /icrruonus,  was  the 
only  menibei-  of  this  group  that  is  abundant  at 
the  test  site.  It  was  observed  principally  in  the 
Pinyon-Juniper  coninumity  during  the  late 
summer  (Figs.  39  and  43).  A  skeleton  of  a 
mountain  sheep,  Oris  canadensis,  was  found  in 
the  Spotted  .Mountain  Range  at  the  southeastern 
corner  of  tiie  lest  sile. 

DISCUSSION 

Relatively  gieater  numbers  of  individuals 
were  found  in  the  Larrea-Franseria  community 
than  in  others,  although  greater  numbers  of 
species  of  animals  were  found  in  the  Grayia- 
Lycium  community.  Considerable  collecting 
was  done  in  all  the  conmiunities  during  the 
three-year  period,  but  more  was  done  in  the 
(irayia-Lycium  community.  As  would  be  e.x- 
pected.  more  species  were  discovered  there. 
The  relative  abundance  of  animals  was  deter- 
mined by  adjusting  the  actual  mmibers  collect- 
ed in  each  comnumity  in  proportion  tf)  the  total 
number  of  trap  nights  or  collecting  attempts  in 
each  community.  Consequently,  proportionately 
more  individuals  were  found  in  the  Larrea- 
Franseria  community  than  in  the  others. 

The  number  of  species  of  certain  groups 
found  by  us  has  been  limited  by  the  collecting 
technicjues  used  in  oia-  studies.  Our  techniques 
were  designed  for  generalized  collection  and 
were  uncloubtedly  better  for  some  animal 
groups  than  for  others.  A  variety  of  spe- 
cialized techniques  would  add  many  species 
to  the  list  now  known  from  our  studies.  This 


has  been  shown,  in  part,  by  the  work  of  spe- 
cialists in  certain  taxonomic  groups,  e.g.  An- 
drew li.  Barnum  with  grasshoppers  and  crick- 
ets, and  Arthur  C.  Cole  with  ants.  Special  col- 
lecting by  them  during  the  relatively  short 
time  they  spent  at  the  test  site  added  species 
which  were  not  collected  during  the  previous 
two-year  period.  In  addition,  it  must  be  pointed 
out  that  even  in  our  generalized  collecting 
methods  there  were  many  animal  groups  taken 
that  have  not  been  taxonomically  studied,  for 
we  have  been  unable  to  locate  specialists  to 
make  such  detemiinations.  It  can  be  expected 
that  the  number  of  species  for  the  test  site  will 
be  markedly  added  upon  when  the  entire  set 
of  collections  has  been  identified. 

It  is  not  feasible  to  employ  specialists  for 
all  the  taxonomic  groups  of  animals  which  oc- 
cur at  the  test  site.  Therefore,  we  have  given 
emphasis  only  to  those  groups  which  occur 
abundantly  in  the  desert  habitat  and  for  which 
specialists  are  available,  or  which  lend  them- 
selves to  collecting  methods  that  can  be  utilized 
as  part  of  our  broad  ecological  investigation. 
These  methods,  however,  have  been  adequate 
over  the  three-year  period  to  reveal  the  pre- 
dominant kinds  of  animals  which  occur  at  the 
test  site,  their  relative  abundance,  and  ecologi- 
cal and  seasonal  distribution.  With  these  data 
as  a  basis  fiother  studies  of  a  more  detailed 
nature  nuiy  be  continued  with  individual 
groups  of  animals  at  the  Nevada  Test  Site.  As 
the  total  collections  are  finally  classified,  and 
as  specialists  use  additional  specialized  tech- 
niques of  collection,  present  analyses  of  data 
from   our  studies   will    need   revision. 
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APPFA-niX    I 

SoMi;  (,'oMMON   Plants  ni     iiii    M  \  joh   (^uMMiMnii-s  and  Oriii.ii  Hahita'i.s 

iSjiecics  iiaiiics  hilluw    Mini/,  and  Keck,  and  Beatlt'\' ) 

,l„i  l''r-7    l,,iii('a  l''r.ins('ria.  (irl.y=   (icayia  I -yciuni.  (!<)==   (^olpofjyiic,  At-Ko^ 

Alii|il('\  Kdcliia.  Sa^  Salsola,  Pi-Ju^   l*iiiyi)ii- liini|i('i-. 

Ml=  Mountains.  Spi=  Sj)ringsj 


Species 


La-Fr        GrLy 


Co 


AtKo 


Sa 


PiJu 


Ml 


Spr 


AcamytopapjiUK  scJwckleyi 
Agdve  utahensin 
Agrostis  semiverticilluta 
Amarunthus  albus 
Amelunchier  utahensis 
Amsinckia  tesseJlata 
Artemisia  spinescens 
Arte)nisia  tridentata 
Atriplex  canescens 
Atriplex  confertifoUa 

Berula  erecta 
Bromus  rubens 
Carex  sp. 

CercocarpHS  intricatiis 
Cercocarpus  ledifolius 
Chaenactis  stevioides 
CIvara  sp. 

Chrysothamniis  nauseosus 
Chrysothamnus  spp. 
Chrysothamnus  viscidiflo)-us 

Cleovie  lutea 
Coleoyyne  ramosissima 
Cowania  mexicana 
Cowania  stansburiana 
Cryptantha  circiimscissa 
Cryptantha  pterocarya 
Dalea  fremontii 
Daleu  polyadenia 
Echinocactus  polycephalus 
Elymus  sp. 

Ephedra  funerea 
Ephedra  nevadensis 
Ephedra  torreyuna 
Ephedra  viridis 
Eriogonum  spp. 
Eurotia  lanata 
Fallugia  paradoxa 
Franseria  durnosa 
Franseria  eriocenfra 
Grayiu  spinosa 

Haplopappus  cooperi 
Heleocharis  parishii 
Hordeum  stebbinsii 
Hymenoclea  salsola 
Jiincus  balticus 
Juniper  us  osteosperma 
Koch  in  uinericana 
Krameria  parvijolia 
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Species 


La-Fr 


Gr-Lv 


Co 


At-Ko 


Sa 


Pi-Ju 


Mt 


Spr 


Larrea  divuricuta 
Lepidiinii  fremontii 
Lficiinii   (iiiderson.il 
Luciuin   puUidum 
Lficiiiin    rirkardii 
Menodont  uphiescens 
Mentzelia  ulbiruuHs 
Mimulus  (jiittatKfi 
MirtibiUn  bigelovii 
Mirubilis   pi(dwa 

Nicotiann  spp. 
Oenothera   meguluntlin 
Opuntia  busilaris 
Opuntia  echinocarpii 
Opuntia  erinacea 
Oryzopsis  hymenoides 
Petalonyx  nitidus 
Piniis  nionophylla 
Polypogon  interruptus 
Polypogon  mo7ispeliensis 

PvKJius  fasciciilata 
Piirshia  ghindulosa 
Piirshia  tridentutu 
Quercus  gainbelii 
Rumex  crispus 
Rumex  salicifolius 
Salazaria  mexicarva 
Salix  gooddingii 
Salsola  kali 
Sahna  dorii 

Sitanion  hansenii 

Stanleya  pinnata 

Stipa  comata 

Stipa  speciosa 

Siiaedu  torreyanu 

Syin phoricarpos  longiflorus 

Tarnarix  pentandra 

Tetradymia  glabr^ata 

Tetradymia  axillaris 

Thamnosina  montana 

Typhu  doniingensis 
Verbena  bracteata 
'Veronica  ■anaguJlis-a quat ica 
Yucca  brevifoliu 
Yucca  schidigera 
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APPENDIX    II 

( jn.cK-LiM-  oi-   Animals  at  thk  Nkvada  Test  Site,  Siiowinc;    I  iiiiii 
Kn(i\\:\   nTsTiuHi   riox  liv  (>)MMrNiTY  and  Oitieh  Areas 

Species  and  family  names  which  luilou  have  been  recDmiiu'iuled   by  each  specialist  dealing  with 

a   laxonomic  gioup.  Snhspecitic  names  arc  omitted  here,  but  will  be  included, 

where   ap{)r(}piiale.    in    subseciuent    mt)ni)graj)hu     papers   dealing 

with  each  of   the  groups. 

CJode  lellers  lor  tlie  plant  connnunilies  and  areas  ai'e:  La-Fr^  I  .arica-I^ranseria, 

Gr-Ly=  Grayia-Lycium.  Co=  Coleogyne.  At  K()=r  Atriplex-Kochia, 

Sa=  Salsola,  Pi-,Iu:=  Pinvon-Juniper.  CS=  Cane  Springs; 

()thei-=  other  miscellaneous  areas  not  classified  to  community. 


Species 


La-Fr        GrLy 


Plant  Community  or  Locality 
Co        AtKo        Sa        PiJu 


CS 


Other 


SCORPIONS 

Vejovidae 

Amvoctonus  phaeodactylus 
Hadrurus  hirsutus 
Vejovis  boreus 
Vejovis  confusus 
Vejovis  hirsuticauda 
Vejovis  wupatkiensis 
Vejovis  n.  sp. 
Chactidae 
Superstitionia  donensis 

SPIDERS 

Ctenizidae 
Aptostichus  n.  sp. 
Theraphosidae 
Aphonopehna  n.  sp. 

FiLISTATIDAE 

Filistata  utahana 
Filistata  n.  sp. 
Uloboridae 
Uloborus  diversus 
Dictynidae 
Dictyna  calcarata 
Dictyna  reticulata 
Mallos  mians 
Caponiidae 
Orthonops  gertschi 
Tarsonops  sp. 
Diguetidae 
Diguetia  canities 
Digiietia  signata 
Loxoscelidae 
Loxosceles  unicolor 
Plectreuridae 
Kibramoa  paiuta 
Plectreurys  tristis 
Heteropodiae 
Olios  fasciculatus 
Thomisidae 
Ebo  mexicanus 
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Species 


La-Fr 


Plant  Community  oi'  Locality 
Gr-Ly         Co         At-Ko         Sa         Pi-Ju 


CS 


Other 


Ebo  n.  sp. 

Ebo  sp.  A 

Ebo  sp.  B 

Ebo  sp.  C 

Misuinenops  n.  sp. 

Than  at  lis  tex'anus 

Xynticus  califurnicus 

Xysticits  lassanuts 

Xysticus  n.  sp. 

Clubionidae 

Anyphaena  sp. 

Castianeira  descripta 

Corinna  biculcarata 

Micaria  gosiuta 

Micaria  n.  sp.  1 

Micaria  n.  sp.  2 

Micaria  n.  sp.  3 

Micaria  n.  sp.  4 

Neoanugraphis  chainberlini 

Syspira  eclectica 

Gnaphosidae 

Cenonia  classioa 

Drassodes  celes 

DrassyUus  fractus 

Drussyllits  irritans 

DrassyUus  uioronius 

Gnuphosa  calijornica 

Gnaphosa  hirstitipes 

Huplodrassns  eunis 

Herpyllus  hesperolus 

Megainyrmecion  naturalisticwin 

Nudocion  utus 

Zelotcs  monachits 

Zelotes  mannodes 

Zelotes  puritanus 

HOMALONYCHIDAE 

Homalonych us  theolvgus 

Pholcidae 

Physocyclus  tanneri 

Psilocliorus  utahensis 

Theridiidae 

Enoplognath'U  joshua 

Euryopis  spinigerus 

Latrodectus  mactans 

Steatoda  fulva 

Steatoda  pulchru 

Steatoda  washona 

Mimetidae 

Mi)iietus  entypiis 

Aroiopidae 

Metepeiru  gosoga 

Linyphidae 

Ceruticelus  sp.  (nr.  nesivtcs) 

Cochlembolus  sunctus 

Erigone  dentosa 

Meioneta  formica 

Meioneta  sp.  (ni-,  fratrella) 

Spireiiibolus  sp. 
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Plant  Community  or  Locality 
La-Fr         CrLy         Co         AtKo         Sa         PiJu         CS 


Other 


Agblenidar 
Agelenopsis  aperta 
Calilena  restricts 
Cicurina  utaltana 

OXYOPIDAK 

Oxfjopes  n.  sp. 
LycosidaI': 
Alopecosu  koclii 
Geolycosa  rafaelana 
Pardosa  ramulosa 
Schisocosa  sp. 
Tdrentuhi  kochi 
Sai.ticidak 

Metacyrba  arizonensis 
Metacyrba  taenioJa 
Metaphidippus  n.  sp.  1 
Metaphidipptis  n,  sp.  2 
Pelenes  hirsutus 
PellencH  n.  sp.  1 
Pellenes  n.  sp.  2 
Pellenes  n.  sp.  3 
Phidippus  upucheaniis 
Phidipptis  formosus 
Phidippus  opifex 

SOLPUGIDS 

Eremobatidae 
Chanbria  sp. 
Eremobdtes  ctenidiellus 
Eremobates  mormonus 
Eremobates  scopidatus 
Eremobates  siniilis 
Eremobates  zinni 
Eremobates  n.  sp. 
Eremorhax  titania 
Eremorhax  n.  sp. 
Hemerotrecha  bidepressa 
Hemerotrecha  branchi 
Heniero trecha  calij arnica 
Hemerotrecha  denticulata 
Hemerotrecha  fruitana 
Hemerotrech'fi  serrata 
Hemerotrecha  n.  sp.  1 
Hemerotrecha  n.  sp.  2 
Horribates  sp. 
Therobates  arceJltis 
Therobates  arcus 
Therobates  branchi 
Therobates  cameronensis 
Therobates  pHcatus 
Therobates  n.  sp.  1 
Therobates  n.  sp.  2 
Therobates  n.  sp.  3 
Therobates  n.  sp.  4 
Ammotrechidae 
Ammotrechuhi  pilosa 
Ammotrechula  n.  sp.  1 
Ammotrechula  n.  sp.  2 
Branc)tia  potens 
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Species 


Plant  Communitj'  or  Locality 
La-Fr        GrLy        Co        AtKo        Sa        Pi-Ju 


CS 


Other 


PHALANGIDS 

Phalangiidae 

Globipes  spinu.latits  X  X 

MITES 

IXODORHYNCHIDAE 

I.vodorhyncluis  sp. 
Haemogamasidae 
Ischyropoda  armatus 
Dermanyssidae 
Hirstionyssus  triacanthus 
Ornithonyssus  n.  sp. 
Ameroseiidae 
Kleemania  sp. 
Laelaptidae 

Haemolaelaps  glasgowi 
Haeinolaelaps  n.  sp. 
Hypoaspis  leviculus 
Pterygosomidae 
Geckobiella  texana 
Trombiculidae 
Euschongastia  decipiens 
Eusch'ongastia  radfordi 
Eusch'ongastia  n.  sp. 
Odontucarus  arisonensis 
Odontacarus  linsdalei 
Odontacarus  micheneri 
Trombicula  arenicola 
Trombicula  belkini 
Trombicula  jessimae 
New  genus,  n.  sp. 

LiSTROPHORIDAE 

Listrophorus  dipodotnys 
ISOPODS 

PORCELLIONIDAE 

PorceUio  laevis 

Armadillidae 

ArmadUlo  arizonicus  X  X 

MAYFLIES 

Baetidae 
Callibaetis  sp. 

CADDICE   FLIES 

LiMNEPHILIDAE 

Limnephilus  sp. 

GRASSHOPPERS,  t^RICKETS,  AND  RELATIVES 

EUMASTACIDAE 

Morsea  californica 
Tanaoceridae 
Tanaocerus  koebelei 
Acrididae 
Aeoloplides  minor 
AeolopHdes  tenuipennis 
Ageneotettix  deornm 
Amphitornus  color adus 
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Species 


LaFr         GrLy 


Plant  Community  or  Locality 
Co         AtKo         Sa         Pi-Ju 


CS 


Other 


Anconia  Integra 
Arphia  conspersa 
Bootettix  punctatus 
CiboIac7-is  parviceps 
Cordillacris  occipitalis 
Derotmerna  delioatitlwin 
Dracotettix  plutonius 
Eremiacris  pallida 
Hesperotettix  viridis 
Leprus  glaucipennis 
Ligurotettix  coqtiilletti 
Melanoplus  aridus 
Mela.noplus  complanatipes 
Mestobregma  impexum 
Poecilotettix  sanguineus 
Psoloessa  delicatula 
Trimerotropis  albescens 
Trimerotropis  bilohata 
Trimerotropis  cyaneipennis 
Trimerotropis  fontana 
Trimerotropis  inconspicua 
Trimerotropis  pallidipennis 
Trimerotropis  sparsa 
Trimerotropis  strenua 
Tytthotyle  maculata 
Xanthippus  corallipes 
Tettigoniidae 
Anoplodusa  arizonensis 
Arethaea  brevicauda 
Atelopus  liitens 
Capnobotes  f-uliginosus 
Capnobotes  occidentalis 
Insara  covilleae 
Insara  elegans 
Gryllacrididae 
Ceuthophilus  fossor 
Ceuthophilus  hebardi 
Ceuthophilus  lamellipes 
Ceuthophilus  n.  sp.  1 
Ceuthophilus  n.  sp.  2 
Prist oceuthophilus  pacificus 
Stenopelmatus  fuscus 

Gryllidae 

Acheta  assimilis 
Cycloptilum  comprehendens 
Myrmecophila.  manni 
Oecanthus  californicus 
Oecanthtis  nigricornis 

Phasmatidae 
Parabacillus  Hesperus 
Pseudosermyle  straminea 

Mantidae 
Litaneutria  minor 
Stagmomantis  californicus 

Polyphagidae 
Arenivaga  apacha 
Arenivaga  erractica 
Eremoblatta  subdiaphana 
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BEETLES 

Meloidae 

Cysteodemus  armatus  X 

Tenebrionidae 

Alaephus  sp.  X 

Anemia  calijornica  X 

Aneysius  sp.  (nr.  brunneus)  X 

Aixteoschizus  sulcicollis  X  X  X  X  X  X 

AiichDiobitts  sp.  X 

Blapstinus  n.  sp.  1  X 


Blapstimis  n.  sp.  2 
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Centrioptera  muricata  X               X              X              X              X                                            X 

ChUometopon  abnorme  XXX                               X                                            X 

Coelocneniis  sp.  X 

Conibios07na  elongatum  X              X             X             X             X                                          X 

Conion.teUus  argutus  X 

Coniontis  sp.  X 

Cryptoglossa  verrucosa  XXX                                                              X 

Discodemus  sp.  (nr.  knaiisi)  X 

Edrotes  ventricosus  X               X              X              X              X                                            X 

Eleodes  artiiata  X               X              X              X              X                                            X 

Eleodes  brunnipes 

Eleodes  concinrva 

Eleodes  dissiinilis 

Eleodes  grandicollis  X               X              X              X              X                                            X 

Eleodes  hispilabris  X               X              X              X              X                                            X 

Eleodes  longicollis  XXX                                          X 

Eleodes  longipilosa 

Eleodes  nigrina 

Eleodes  obsciira  X              X             X             X             X            X                           X 

Eleodes  omissa  XXX                             XX                            X 

Eleodes  striutipennis  X 

Eleodes  tenebrosa  X 

Eleodes  sp.  (nr.  calif ornica)  X 

Embaphion  elongatum  X 

Eschatomoxys  wagneri  X 

Eupsophiiliis  castaneits  XX                                                                                               X 

Eusattus  diibius  XX                                                                                               X 

Euschides  luctatus  X               X              X              X                                                            X 

Helops  attenuatus  X               X              X              X              X                                            X 

Hylocrintis  n.  sp.  X 

Lobometopon  sp.  X 

Metopoloba  bifossiceps  XX                                                                          X 

Metoponium  abnorme  X 

Meioponium  sp.  (nr.  convexicollis)  X 

Notibius  siibstriatus  XX                               XX                                            X 

Pelecyphorus  actuosus  X                                             X 

Pelecyphorus  pantex  X               X              X              X              X                                            X 

Pelecyphorus  semilaevis  X              X             X             X                                                         X 

Sphaeriotis  muricata  X 

Trichiasida  acerba  XX                                             X                                          X 

Triorophus  laevis  X               X              X              X              X                                            X 

Trogloderiis  costatus  XXX                               X                                            X 

SCARABAEIDAE 

Aphodius  fucosus  X                                                                                             X 

Aphodius  militaris  X              X 

Aphodius  nevadensis  X              X 

Aphodius  sp.  (nr.  talpoidesi)  X 

Cyclocephala  longula  XX                                                                                         X 
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Other 


Diplotaxis  deserta 
Diplotaxis  incuria 
Diplotaxis  insignis 
Diplotaxis  moerens 
Diplotaxis  pacata 
Diplotaxis  subangiilata 
Ochodaeus  sparsus 
Paracotalpa  granicollis 
Phyllophaga  sp. 
Serica  sp. 

CURCULIONIDAE 

Anthonomus  peninsularis 
Anthonomiis  tenuis 
Aragnomus  sp. 
Aidetes  sp. 
Cimhocera  buchanani 
Cryptolepidus  nevadicus 
Dinocleus  denticollis 
Eucyllus  echinus 
Eucyllus  unicolor 
Eupagoderes  geminatus 
Eupagoderes  varius 
Lepidophoriis  sp. 
Mimetes  gracilior 
Otidocephalus  i>ittatus 
Paracimboceru  artemisiae 
Paracimbocera  atra 
Smicronyx  n.  sp. 
Tychius  prolixus 
Yuccaborus  frontalis 

SCOLYTIDAE 

!ps  confusus 

ANTS 

FORMICIDAE 

Aoanthomyops  interjectus 
Acanthomyops  latipes 
Aphaenogaster  boulderensis 
Aphaenogaster  n.  sp. 
Camponotus  maccooki 
Camponotus  ocreatus 
Camponotus  vicinus 
Crematogaster  coarctata 
Crematoguster  depilis 
Dorymyrmex  bicolor 
Dorymynnex  pyramicus 
Epipheidole  inquilina 
Formica  fusca 
Formica  integroides 
Formica  lasioides 
Formica  limata 
Formica  moki 
Formica  neogagates 
Formica  neorufibarbis 
Formica  obscuripes 
Formica  obtusopilosa 
Formica  subpoUta 
Iridomyrmex  pruinosum 
Lasius  crypticus 


X 
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X 
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La-Fr 
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CS 


Other 


Lasius  sitiens 
Leptothorax  andrei 
Leptothorax  nevadensis 
Leptothorax  tricarinatus 
Liometopum  occidentale 
Monomorium  minimum 
Mynnecocystus  coniati/s 
Myri)i&cocystus  lugubris 
Mynnecocystus  mexicaniis 
Myrmecocystus  inimicus 
Myrmecocystus  mojave 
Myrmioa  emeryana 
Neivamyrmex  ininor 
Pheidole  bicarinata 
Pheidole  desertorum 
Pheidole  pilifera 
Pogonomyrmex  barbatus 
Pogonomyrmex  californicus 
Pogonmynnex  imberbiculus 
Pogonomyrmex  occidentalis 
Pogonomyrmex  salinus 
Solenopsis  aurea 
Solenopsis  molesta 
Solenopsis  salina 
Solenopsis  xyloni 
Veromessor  lariversi 
Veromessor  lobgnathus 
Veromessor  pergarvdei 
Veromessor  n.  sp. 

CHILOPODS 

SCOLOPRNDRIDAE 

Scolopendra  ^nichelbacheri 

SCHENDYLIDAE 

Nyctiinguis  stenus 

Tampiyidae 

New  genus,  n.  sp. 

GOSIBIIDAE 

Gosibius  arizonensis 

LiTHOBIIDAE 

Oabiiis  merciirialis 


X 
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X 
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X 

X 
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IVIILLIPEDS 

Atopetholidae 

Arinolus  nevadae 

Arinolus  sequens 

Orth ichehis  michelbacheri 

Leioderidae 

Titsona  tida 


X 

X 

X 

X 

X 

X 
X 

X 

X 


X 
X 


TORTOISES 

Testudinidae 
Gopherus  agassizi 

LIZARDS 

Geckonidae 
Coleonyx  variegatus 

Iguanidak 

Callisuurus  draconoides 


X 

X 
X 


X 


X 


X 


X 


X 

X 
X 
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LaFr         Gr-Ly         Co         At  Ko         Sa         Pi-Ju 


CS 


Other 


Crotaphytii.s  collurin 
CrotaphytiiN  wisliseni 
Dipsosuurus  dorsalis 
Pit  rynosonia  plutyrliinos 
Saiiromalus  obesus 
Sceloporiis  magister 
Sceloporiis  occidentalis 
llta  stansburiana 
Xantusidae 
Xuntuski   iiijilis 
Teidae 
Cnetnidophonts  tiyrts 

SCINCIDAR 

Euineces  skUtonianioi 
SNAKES 

COl.UBRIDAB 

Arizona  eleyans 
Chionactis  occipitalis 
Hypsiglena  torquata 
Lam  pro  pelt  is  getulus 
Masticophis  flugelluni 
Masticophis  taeniatus 
Phyllorhynchits  decurtatus 
Pituophis  catenifer 
Rhinocheilus  lecontei 
Siilvadora  hexalepis 
Sonora  semiannulata 
Tantilla  utahensis 
Trimorphodon   lyrophanes 
Crotalidae 
Crotalus  cerastes 
Crotaliis  mitchelli 

BIRDS 

PODICIPEDIDAE 

Aech  mophorus  occidentalis 
PodilyDibus  podiceps 
Podiceps  caspicus 
Pelecanidae 

Pelecanus  eryth rorliynchos 
Ardeidae 
Ardea  herodias 
Butorides  virescens 
Oiismerodiiis  albus 
Ixobrychiis  e^ilis 
Leucophoyx  thiila 
Nycticorax  nycticorax 

Threskiornithidae 
Plegadis  chihi 

Anatidae 
Anas  acuta 
Anas  carolinensis 
Anas  cyanoptera 
Anas  discors 
Anas  platyrhynrhos 
Aythya  a f finis 
Aythyu   atnericuyia 
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Plant  Community  or  Locality 
La-Fr        GrLy        Co        At-Ko        Sa         PiJu 


CS 


Other 


Branta  canadensis 
Buceyhala  albeola 
Bucephala  clangula 
Mureca  americana 
Melanitta  perspicilhita 
Mergus  serrator 
Oxyura  jamaicensis 
Spatula>  clypeata 
Cathartidae 
Cuthartes  aura 

ACCIPITRIDAE 

Accipiter  cooperii 
Accipiter  striatus 
Aqiiila  chi'ysaetos    ,> 
Buieo  jajnaicensis 
Buteo  lagopus 
Buteo  regalis 
Buteo  swainsoni 
Circus  cyaneus 
Pandionidae 
Pandion  haliaetus 
Falconidae 
Fulco  mexicanus 
Falco  sparverius 

Phasianidae 
Alectoris  graeca 
Lophortyx  garnbelii 

Rallidae 

Fulica  americana 

Charadriidae 
Ch aradrius  alexandrinus 
Charadrius  sernipahnatus 
Clmradrius  vociferus 
Eitpoda  inontana 
Pluvialis  dominica 
Squatarola  sq u ataro la 

SCOLOPACIDAE 

Actitis  macularia 

Capella  gallinago 

Cut  Optra  ph  orus  semipalmatus 

Ereunetes  mauri 

Erolia  alpina 

Erolia  bairdii 

Erolia  minutilla 

Limnodromus  scolopaceus 

Lirnosa  fedoa 

Micropalama  himantopus 

N umenvus  americanus 

Totanjis  fhivipes 

Tot  anus  melanoleucus 

Tringa  solitarm 

Recurvirostridae 
Himantopus   rnexican  us 
Rerurvirostru  americana 

PlIALAROPOOIDAE 

Lobipes  lobatiis 
Steganopus  tricolor 
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La-Fr        GrLy 


Plant  Community  or  Locality 
Co        AtKo        Sa        Pi-Ju 


CS 


Other 


Laridae 

hari(s  raltforniom 

Lariis  delawarensis 

Larus  Philadelphia 

Columbidae 

Zenaidura  inacioura 

Cuculidae 

Geococcyx  californianus 

Strigidae 

Asio  flamnieus 

Asia  otus 

Bubo  iHrginmnus 

Speotyto  cunicularva 

Caprimulgidae 

Chordeiles  acutipennis 

Chordeiles  minor 

Phalaenoptihis  niittalUi 

Apodidae 

Aeronuutes  saxatalis 

Trochilidae 

Calypte  costae 

Selasphortis  platycercus 

Selasphorus  rnfus 

Alcedinidae 

Megaceryle  alryon 

Picidae 

Asyndesmus  lewis 
Colaptes  oufer 
Dendrocopos  scalaris 
Dendrocopos  villosus 
Sphyrapicus   varius 

Tyrannidae 
Contopus  sordidiiliis 
Ernpidonax  oberholseri 
Empidonax  wrightii 
Myiarchus  cinerascens 
Nuttallornis  borealis 
Pyrocephalus  rubinus 
Sayornis  nigricans 
Sayornis  saya 
Tyrannus  verticalis 
Tyrannus  vociferans 

Alaudidae 
Eremophilu  alpestris 

HiRUNDINIDAE 

Hirundo  rustica 
Petrochelidon  pyrrhonota 
Riparia  riparia 
Stelgidopteryx  ruficollis 
Tachycineta  thalassina 

CORVIDAE 

Aphelocoma  coeruleacens 
Corvus  brachyrhynchos 
Corvus  corax 
Cyanocitta  stelleri 
Gymnorhinus  cyanoceph ala 
Nucifraga  Columbiana 
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Pica  'pica 
Paridae 

Parus  (jambeli 
Pariis  inornatus 
Psaltriparus  mini)nus 

SiTTIDAE 

SitUi  carolinensis 

Troolodytidae 

Campylorhynch ufi  brunneicapellum 

Salpinctes  obsoletiis 

Telmatodytes  paliistris 

Thryomanes  bewickii 

Troglodytes  aedon 

Mimidae 

Dumetella  carolinensis 

Mimus  polyglottos 

Oreoscoptes  montanu.'i 

Toxostoma  lecontei 

Turdidae 

Hylocichla  guttata 

Hylocichla  ustulata 

Myadestes  toivnsendi 

Sialia  currucoides 

Sialia  mexicana 

Turdiis  mig7'atorius 

Sylviidae 

Polioptila  caerulea 

Regulus  calendula 

Motacillidae 

Anthiis  spinoletta 

Bombycillidae 

Bombycilla  cedroruin 

Ptilogonatidae 

Pliuinopepla  nitens 

Laniidae 

Lanius  ludovicianus 

Sturnidae 

Sturnus  vulgaris 

ViREONIDAE 

Vireo  gilvus 
Vireo  solitarius 
Vireo  vicinior 

Parulidae 

Dendroica  auduboni 
Dendroica  coronata 
Dendroica  petechia 
Dendroica  nigrescens 
Dendroica  toivnsendi 
Geothylpis  trichas 
Icteria  virens 
Oporornis  tohniei 
Verriiivora  celata 
Ver7nivora  virginiae 
Vermivo-na  ruficapilla 
Wilsonia  p}(silla 

Ploceidae 

Passer  do)nesticus 
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ICTERIDAK 

Agchiiiix  /jIi oe n icen s 
EiipluKjiis  cf/unorcphuliis 
Icterus  bullorkii 
Ir.teruK  pui'isoruui 
Molothrus  ater 
Sturnellu  neglecfu 
XantJioccjjhcilitfi  .i(nilliorcijliiilii:^ 

Thkaupidar 
Piranga  ludoviciana 

Fringillidae 
A))ip])\spiza  hell) 
A  lit  pit  ispisd   bilineatu 
Calcuriiis  lapponicus 
CarpodacHS  cassinii 
Cdrpodacus  mexicanus 
Ctirpodaciis  pitrpitreHs 
Chloniru  clilonirn 
Chondestes  ijnnamacnti 
Ginriwd  caerula 
Hesperijilionn   vespertina 
Iridoprocne  bicolor 
Junco  caniceps 
Junco  hyemalis 
Junco  oreganus 
Melospiza  lincolnii 
Melospisa  melodia 
Bnsse7Tulus  sandwich ensis 
Passerina  amoena 
Pheuctiriis  >iwUinocep)t(iliis 
Pipilo  erythrophthalmus 
Pooecetes  gnnnineus 
Spinits  pinus 
Spin-US  psaltiiu 
Spinus  tristis 
Spieella  atrogularis 
Spizella  breweri 
SpizeUa  passerina 
Zonotrich  ia  atricapilla 
Zonotrichia  leucophrys 

MAMMALS 

Vespertilionidak 
Antrozous  pallidus 
Corynorhinus  rafinesquii 
Corynorhinus  townsendii 
Myotis  californicus 
Pipistrelliis  hesperus 

Leporidak 
Lepus  riiUfornirus 
SylviluguN  undubonii 
Sylrilugus  nuttdllit 

Soricidae 

Notiosorex  crawfordi 
Sorex  merriami 
Sorex  tencUus 

ScitlRIDAE 

Aiiiiiiospenii()p)i  iliis  It  iiciinis 
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Species 


Eutamictfi  dorsalis 
Sperniuphilus  tereticaudus 
Spermophilus  towsendii 
Spermophilus  variegat us 

Geomyidak 
Thomomys  tnnbrinus 

Heteromyidae 

Dipodomys  deserti 
Dipodom  yn  merrkiin  i 
Dipodomys  microps 
Dipodomys  ordii 
Perognathus  forinosus 
Perognathus  longimembris 
Peroganthtis  parvus 

Cricetidae 
Lugurus  curtatus 
Neotoma  lepida 
Onychomys  torridus 
Peromyscus  crinitus 
Peromyscus  eremicus 
Peromyscus  maniculatus 
Peromyscus  truei 
Reithrodontomys  megalotis 

Erethizontidae 
Erethizon  dorsatum 

Canidae 
Canis  latrans 
Vulpes  macrotis 

Procyonidae 
Bassariscus  •asiutus 

Mustelidae 
Mustela  frenata 
Spilogale  gracilis 
Taxidea  taxus 

Felidae 

Felis  concolor 

Lynx  rufus 

Cervidae 

Dama  hemionus 

BOVIDAE 

Ovis  canadensis 


Plant  Community  or  Locality 
La-Fr         CJi-Ly         Co         AtKo         Sa         Pi-Ju 
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SiJMMAKY  OP  Nkw  Spkc;ii-.s  f)i'  Animals  from  the  Nf.vada  Tr:sT  Sri-i', 

The  following  rosiinio  is  the  first  periodic  lisling  of  new  animal  species  which 

have  been  described   from  collections  made  at  the  Nevada  Test  Site 

as  part  of  the  A.E.C.-B.Y.U.  ecological  studies. 


Phylum:     Arthrojioda 

Class;     Diplopoda 

Order;     Spirobolida 

Family:     Atopetholidae 

Species;    Aiinolus  sequens 

Publication:  Proc.  Biol.  Soc.  Washington, 
75:53-54;    figs.   4-5;   30   March    19(i2. 

.■\uthor:  Ralph  V.  Chaniberlin,  University  of 
Utah,  Salt  Lake  City. 

Type  and  Locality;  Male  holotype;  Nevada; 
vicinity   of   Mercury,   November.    1960. 

Depository  of  Type  Specimen:  Invertebrate 
Museum.  University  of  Utah,  Salt  Lake 
City.  Utah. 

(^onmients:  The  type  specimen  was  taken  horn 
a  can  pit-trap,  November  10,  1960.  in  a 
Coleogyne  ramosissirna  plant  conmuinity 
where  the  soil  is  compact  with  numerous 
rocks  up  to  several  inches  in  diameter. 
The  specific  locality  at  the  test  site  is  36 
miles  due  north  of  Mercury.  Nye  County, 
Nevada,  in  B.Y.LT.  study  area  lOD,  transect 
A,  station  1. 

Species;    Aiinolus  nevadae 

Publication:  Proc.  Biol.  Soc.  Washington,  75; 
54;  figs.  1-3;  30  -March  1962. 

.Xuthor;  Ralph  V.  Chamberlin.  University  of 
Utah,  Salt  Lake  City. 

Types  and  Locality:  Many  specimens,  taken 
mostly  in  October.  November,  and  Decem- 
ber, 1960;  Nevada;  Mercury  and  adjacent 
area. 

Depository  of  Type  Specimens;  Invertebrate 
Museum,  University  of  LUah,  Salt  Lake 
City,  Utah. 

Comments:  Although  Chambeilin  did  not  spe- 
cifically designate  types  in  his  description, 
he  included  drawings  of  male  structures. 
Correspondence  from  him  in  December. 
1962,  indicated  that  the  holotype  male 
was  collected  in  October,  1960.  This  speci- 
men was  taken  from  a  can  pit-trap  in  a 
Salsola  kali  plant  community  where  the 
soil  is  loose  sand  and  clay  with  few  rocks. 
The  specific  locality  at  the  test  site  is  27 
miles  northwest  (15  degrees  west  of  north) 
of  Mercury,  Nye  Comity.  Nevada.  This 
is  in  B.Y.U.  study  area  IF.  transect  L. 
station  2. 


Order:     ('ambalida 

P'amily:     Leioderidae 

Species:    Titsonia  tida 

Publication:     Proc.  Biol.  Soc.  Washington,  75; 

54-55;  fig.  6;  30  March  1962. 
Author;     Ralph  V.   Chamberlin.  University  of 

Utah,  Salt  Lake  City. 
Types  and  Locality:      Two  specimens  taken  in 

March,   1960;   Nevada;    Nevada   test  area, 

vicinity  of  Mercury. 
Depository   of  Type    Specimens;     Invertebrate 

Museum.    University   of   Utah,   Salt   Lake 

City.  Utah. 

(Comments:  Chamberlin  did  not  designate  a 
type  or  indicate  the  sex  of  the  two  speci- 
mens. One  of  these  was  taken  from  a  can 
pit-trap,  March  31,  1961,  in  a  Salsola  kali 
plant  community  where  the  soil  is  loose 
clay,  sand,  and  few  rocks.  The  other  was 
taken  from  a  can  pit-trap,  March  31,  1960, 
in  a  Coleogyne  ramosissirna  plant  com- 
munity where  the  soil  is  compact  with 
many  rocks  several  inches  in  diameter. 
The  specific  locality  at  the  test  site  is  27 
miles  northwest  (15  degrees  west  of  north) 
of  -Mercury.  Nye  County,  Nevada.  This  is 
in  B.Y.U.  study  area  IB,  transect  F,  sta- 
tion 4. 

Class;     Chilopoda 
Order:     Geophilida 
Family :     Schendylidae 
Species:    Nyctunguis  stenus 

Publication:  Entomological  News  73(5) :  134- 
135;  May,  1962. 

Author:  Ralph  V.  Chamberlin,  LTniversity  of 
Utah.  Salt  Lake  City. 

Types  and  Locality:  Nevada;  Clark  Co.,  Mer- 
cury, Nevada  Test  Area. 

Depository  of  Type  Specimens;  Invertebrate 
Museum,  University  of  Utah,  Salt  Lake 
City.  Utah. 

Comments:  Chamberlin  did  not  designate  the 
type,  number  of  specimens,  or  dates  col- 
lected. He  indicated  in  personal  corre- 
spondence that  the  holotype  female  was 
taken  in  January.  1961.  and  "other  speci- 
mens'" in  November  and  December.  1960. 
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The  type  locality  vvas  erroneously  desi^'- 
riated  as  Clark  Cuuiit\-;  it  should  he  Nye 
Coiuit\-.  The  holotype  vvas  collecled  h\ 
hand  in  a  Pinus  nior/op/iyllaJuiiipc/ us 
osteospernia  plant  community  where  there 
were  numerous  outcroppings  of  rocks.  The 
specific  locality  at  the  test  site  is  on  the 
eastern  edge  of  Rainier  Mesa,  38  miles 
northwest  (25  degrees  west  of  north)  of 
Mercury,  Nye  County,  Nevada.  This  is  in 
B.Y.U.  study  area   12C,  transect  A. 


Order:     IJthobiida 

Family:     f.ithobiidae 

Species:    Oabius  mercurialis 

Publication:     Entomological   News.   73(5):  HZ- 

138;  -May,  1962. 
Author:     Ralph  V.   Chamberlin,  University  of 

Utah,  Salt  Lake  City. 
Types   and    Locality:     Female    type    taken    26 

January    1961;    a    second    specimen   taken 

19    December    1960;    Nevada:    Clark    Co., 

Mercury. 
Depository    of   Type    Specimens:     Invertebiate 

Museum.    University   of   Lllah,   Salt   Lake 

City. 

Comments:  Chamberlin  erroneously  desig- 
nated the  type  locality  as  Clark  County; 
it  should  be  Nye  County.  The  holotype 
was  collected  by  means  of  a  can  pit-trap 
in  a  Grayia  spinosa-Lyciurn  andcrsonii 
plant  community.  The  specific  locality  at 
the  test  site  is  28  miles  northwest  (15  de- 
grees west  of  north)  of  Mercury,  Nye 
County.  Nevada.  This  is  in  B.Y.U.  study- 
area  IB,  transect  B.  station  20. 


Class:     Arachnida 
Order:     Solpugida 
Family     Eremobatidae 
Species:    Therobates  plicatus 

Publication:     American      Museum      Novitates. 

No.  2092,  pp.    11-12;   figs.  63-67;    13  June 

1962. 
Author:     Martin     H.     Muma,     University     of 

Florida.  Lake  Alfred. 


Tvpos  anil  Locality:  Male  holoty[)e  from  Mer 
(ur\.  Nevada,  on  July  15,  1960.  Female 
alloi\pc  IVdm  Mercury,  Nevada,  on  July 
(i.  l')()i)  M;ile  paratypes  from  the  same 
localUy  on  July  IM.'  1M()().  ,md  July  21, 
Ut()().  p'emale  paratjiie  from  the  same  lo- 
calily  on  July  25.  19(:>0. 

[Depository  ol  Type  Sjiecimens:  American  Mu- 
seum of  Natural  History,  New  York.  New 
York. 

Conmients:  All  the  type  specimens  were  taken 
from  can  pit-traps  in  B.Y.LI,  study  area 
IB.  The  holotype,  female  jiaratype,  and 
one  male  paratype  were  taken  on  transect 
F,  station  10;  the  other  male  paratype  at 
station  15.  The  allotyjje  vvas  taken  on  tran- 
sect D,  station  15.  All  collections  were 
made  in  a  Salsola  kali  community  where 
the  soil  is  loose  sand  and  clay  with  few 
locks.  The  type  locality  at  the  test  site  is 
27  miles  northwest  (15  degrees  west  of 
north)   of  Mercury.  Nye  County.  Nevada. 

Species:    Therobates  arcellus 

Publication:  American  .Museum  Novitates, 
No.  2092,  pp.  13-14;  figs.  68-71;  13  June 
1962. 

Author:  .Martin  H.  Muma,  LTniversity  of  Flor- 
ida, Lake  Alfred. 

Types  and  Locality:  .Male  holotype  from  Mer- 
cury, Nevada.  April  7,  1960.  Female  allo- 
type and  female  paratype  from  same  local- 
ity, July  19,  1960.  Female  paratype,  same 
locality".  July  27.  1960. 

Depository  of  Type  Specimens.  American  Mu- 
seum of  Natural  History,  New  York,  New 
York. 

Comments:  All  the  type  specimens  were  taken 
frcjm  can  pit-traps  at  the  test  site  in  B.Y.U. 
study  area  IB.  The  holotype  was  taken  on 
transect  H,  station  27,  in  a  Coleogyne 
rarnosissirmi  plant  community  where  the 
st)il  is  compact  with  numerous  rocks  up  to 
several  inches  in  diameter.  The  allotype 
was  taken  on  transect  F,  station  5,  and  the 
paratype  on  transect  B,  station  1.  These 
two  latter  stations  are  in  a  Salsola  kali 
plant  community  where  the  soil  is  loose 
sand  and  clav  with  few  rocks. 
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PICTORIAL  KEY  FOR  THE  SEPARATION  OF  THE  GENERA' 

by 

Elias  P.  Brinton  and  D  Elden  Beck 

Department  of  Zoology  and  Entomology 

Brigham  Young  University 

Provo,  Utah 


Introduction 

This  paper  is  concerned  only  with  the 
adults  of  the  several  genera  in  the  western 
United  States.  Subsequent  papers  are  planned 
to  include  the  nymphal  and  larval  stages.  Once 
keys  are  available  for  classifying  all  stages  of 
development  to  genus,  the  several  develop- 
mental stages  will  be  classified  to  the  species 
category. 

The  western  United  States  as  defined  in 
these  papers  will  be  concerned  with  the  geogra- 
phy west  of  the  Continental  Divide,  south  of 
the  Canadian  border  and  north  of  the  Mexican 
boundary  line.  Nevertheless,  the  keys  and  other 
information  wdll  naturally  be  applicable  to 
parts  of  western  Canada  and  Mexico,  and  to  a 
limited  extent  to  those  states  in  the  United 
States  bordering  the  Continental  Divide. 

Methods 

Ticks  are  supported  on  a  mold  of  typewrit- 
er cleaner  putty.  This  putty  enables  manipula- 
tion of  the  specimen  to  facilitate  observation 
of  all  body  surfaces.  Orientation  of  the  tick  is 
best  done  by  use  of  fine  pointed  forceps.  A 
pair  of  A.  0.  Spencer  Universal  Illuminators 
will  suffice  for  good  lighting,  which  is  equally 
important  to  a.  wide  range  of  magnification. 
Magnification  from  10  to  120  diameters  is 
necessary  to  identify  the  features  noted  in  this 
study. 

When  ticks  are  under  observation  for  a 
prolonged  period,  they  should  occasionally  be 
moistened  with  a  drop  of  preservative  or  placed 
in  the  liquid  for  a  short  period  of  time.  Seventy 
percent  ethyl  alcohol  has  been  the  preservative 
used  in  these  studies.  New  solutions  have  al- 
ways been  used  when  the  specimens  are  re- 
turned to  bottles  for  permanent  storage. 
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Entomology.  These  collections  have  been  great- 
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tesy of  Glen  M.  Kohls  and  Carlton  M.  Clif- 
ford, has  been  most  cooperative.  Dale  Parker 
and  Elmer  Johnson  of  the  University  of  Utah 
Ecology  Unit  at  Dugway,  Utah,  have  supplied 
collections  from  several  years'  study  at  that 
location.  All  of  the  collections  of  ticks  result- 
ing from  the  three-year  ecology  study  (1960- 
61-62)  on  the  A.E.C.-B.Y.U.  Ecology  Project 
at  the  Nevada  Test  Site,  Mercury,  Nevada, 
have  been  in  our  possession.  Carl  O.  Mohr 
University  of  California  at  Berkeley,  has  placed 
all  of  his  collections  of  ticks  at  our  disposal, 
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Charles  L.  Douglas  in  his  studies  at  Mesa 
Verde  National  Park,  Colorado,  has  collected  a 
long  series  of  ticks  which  he  has  loaned  us. 
Marvin  Coffey  at  the  Southern  Oregon  College, 
Ashland,  Oregon,  likewise  sent  a  representative 
collection  from  that  area.  T.  A.  Filipi  and  Wil- 
liam R.  Rapp  sent  the  entire  Dermacentor 
adult  collection  from  the  Nebraska  State  De- 
partment of  Health.  Rex  W.  Allen  of  the  Uni- 
versity of  New  Mexico  sent  us  a  representa- 
tive collection  of  Dermacentor  hunteri  Bishopp 
he  had  taken  at  the  Nevada  Bighorn  Wildlife 
Reservation  near  Las  Vegas,  Nevada.  Charles 
Hansen,  biologist  at  the  same  station,  has  been 
continually  supplying  us  collections  obtained 
from  the  Bighorn  Sheep.  Through  the  help  of 
Carl  Musebeck  we  also  received  an  important 
shipment  of  ticks  from  the  U.S.  National  Mu- 
seum. Students,  colleagues,  and  interested 
friends  have  been  attentive  to  our  interests  in 
this  project,  and  ticks  are  being  sent  to  us 
regularly  from  near  and  far. 
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Explanation  of  Figures 

Almost  all  the  drawings  are  original  and 
have  been  made  from  field-collected  specimens. 
Each  illustration  was  drawn  so  that  parts  are 
in  exact  measurable  proportion  to  each  other. 
Only  those  anatomical  external  features  which 
were  pertinent  to  the  present  study  have  been 
included  and  labeled.  In  the  pictorial  key  those 
anatomical  parts  are  labeled  as  described  in 
the  couplets  of  the  key. 

Dorsal  and  ventral  views  of  both  sexes 
have  been  illustrated  to  facilitate  further  taxo- 


nomic  and  anatomical  comparison  in  this  and 
subsequent  studies.  Sequence  of  figures  is  as 
follows: 

1.  Descriptions  and  illustrations  for  the 
separation  of  the  adult,  nymphal  and 
larval  stages  of  hard-bodied  ticks. 

2.  Pictorial  key  for  the  separation  of  the 
genera  of  hard-bodied  ticks  in  the  west- 
ern United  States. 

3.  Dorsal  and  ventral  views  of  adult  male 
and  female  ticks  of  the  several  genera 
in  the  western  United  States. 


Identification  of  Developmental  Stages  of  the  Hard-Bodied  Ticks 

The  following  brief  descriptions  and  illustrations  will  readily  assist  the 
inexperienced  worker  to  distinguish  between  the  larval,  nymphal  and  adult 
stages. 

Adult:  Four  pairs  of  legs  present.  Genital  aperture  or  plate  located  be- 
tween coxal  plates  I  and  II.  The  female  and  male  can  be  differentiated  by 
the  length  and  size  of  the  scutal  plate.  The  female  scutal  plate  usually  extends 
posteriorly  from  %  to  1/2  the  length  of  the  idiosoma,  depending  upon  the  extent 
of  engorgement.  The  male  scutal  plate  covers  the  entire  idiosoma  except  at 
the  peripheral  margin  in  some  genera. 


IDIOSOMA^ 


male 


female 
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male 


female 


Nymph:  Four  pairs  of  legs  present.  Genital  opening  or  plate  absent. 
Care  should  be  taken  not  to  confuse  an  engorged  nymph  for  a  partially  en- 
gorged female.  The  scutal  plate  of  the  nymph  only  partially  covers  the  idio- 
soma  as  in  the  female.  The  unengorged  nymph  is  much  smaller  than  an  un- 
engorged  adult. 
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Larva:    Three  pair  of  legs  present.  Larvae  in  most  cases  are  very  small. 


Pictorial  Key  for  Separation  of  Adult  Genera 


1.    Eyes  present  2 


male 


female 
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Eyes  absent  3 


lale 


female 


Basis  capitulum  laterally  triangulate  * Rhipicepkalus 

See  figures  17,  18,  19,  20  for  dorsal  and  ventral  views  of  male  and  female 
specimens. 


PALP  ARTICLE 


BASIS  CAPITULUM 


ale 


female 


•There  is  one  species  of  RHipicephalus  m  North  America.  This  key  will  suffice  to  identify 
the  adult  stage  of  Rhipicephalus  sanguineus  (Latreille)   See  figs.   17.  18,   19  and  iU. 
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Basis  capitulum  not  laterally  triangulate  4 


female 


male 


3.    Postanal  groove  present  ^ , *Haemaphysalis 

See  figures  5,  6,  7.  8  for  dorsal  and  ventral  views  of  male  and  female 
specimens. 


_ANAL  PLATE 
POSTANAL  GROOVE 


Preanal  groove  present Ixodes 

See  figures  1 .  2,  3,  4  for  dorsal  and  ventral  views  of  male  and  female 
specimens. 


PREANAL  GROOVE 


•There  are  two  species  of  Haemaphysalis  in  North  America.  This  key  will  suffice  to  identify 
Haemaphrsalis  leporis-palustris   (Packard)    adults. 
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4.    Seven    festoons   present   * Anocentor 

See  figures  13,  14,  15,  16  for  dorsal  and  ventral  views  of  male  and  female 
specimens. 


FESTOONS 


Eleven  festoons  present  Dermacentor 

See  figures  9,  10,  11,  12  for  dorsal  and  ventral  views  of  male  and  female 
specimens. 


FESTOONS 


'Anocentor  nitens  (Neumann)  although  not  distributed  in  the  western  United  States  has 
been  included  in  this  study,  in  that  it  is  a  borderline  species  in  its  distribution.  In  addition 
there  is  only  one  species  in  North  America.  Its  distribution  is  in  southcentral  Texas, 
Mexico,   Central   America  and   the  Caribbean  Islands.   See  figs.   13.   14,   15   and   16. 
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PALP  ARTICLE  II! 
PALP  ARTICLE  li 


BASIS  CAPITULUM 
SCAPULA 
LATERAL  CARINA 
CERVICAL  GROOVE 

PSEUDOSCUTUM 


LATERAL  GROOVE 

SCUTUM 

MARGINAL  BODY  FOLD 


Fig.   1. — Dorsal  view,  adult  male  Ixodes. 

(Modified  from  Cooiey  and  Kohls,  1945) 
Pseudoscutal  suture  indicated  by  broken  lino. 
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PALP  ARTICLE  IV 
HYPOSTOME 

PREGENITAL  PLATE 

COXA  I 

EXTERNAL  SPUR 
COXA  II 
INTERNAL  SPUR 

GENITAL  APERTURE 
COXA  III 
COXA  IV 

GENITAL  GROOVE 

SPIRACULAR  PLATE 
MEDIAN  PLATE 

ADANAL  PLATE 
EPIMERAL  PLATE 
ANUS 

PREANAL  GROOVE 
ANAL  PLATE 


Fig.  2. — Ventral  view,  adult  male  Ixodes. 

(Modified   from  Cooley  and  Kohls.   1945) 
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PALP  ARTICLE  III 

PALP  ARTICLE  II 
PALP  ARTICLE  I 

AREA  POROSA 
CORNUA 

LATERAL  CARINA 

CERVICAL  GROOVE 

SCUTUM 


MARGINAL  GROOVE 
MARGINAL  BODY  FOLD 


Fig.   3. — Dorsal  view,  adult  female  Ixodes. 

(Modified   from  Cooley  and  Kohls,   1945) 

The  broken  lines  indicate  degree  of  variation  in  outline  of  scutal  mar- 
gin encountered  in  the  several  species  of  the  genus. 
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CAPITULUM 


COXA  I 
COXA  II 
INTERNAL  SPUR 

EXTERNAL  SPUR 
COXA  III 

COXA  IV 

SPIRACULAR  PLATE 
GENITAL  APERTURE 

GENITAL  GROOVE 


PREANAL  GROOVE 
ANUS 

ANAL  PLATE 


Fig.  4. — Ventral  view,  adult  female  Ixodes. 


12 


BRIGHAM  YOUNG  UNIVERSITY  SCIENCE  BULLETIN         Vol.  II,  No.  3 


Fig.  5. — Dorsal  view,  adult  male  Haemaphysalis. 
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Fig.   6. — Ventral  view,  adult  male  Haemaphysalis. 
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Fig.  7. — Dorsal  view,  adult  female  Haemaphysalis. 
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Fig.   8. — Ventral  view,  adult  female  H aemaphysalis . 
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CHELICERAL  SHEATHS 
BASIS  CAPITULUM 
SCAPULA 
CORNUA 


EYE 

CERVICAL  GROOVE 


LATERAL  GROOVE 


FESTOONS 


Fig.  9. — Dorsal  view,  adult  male  Dermacentor. 
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PALP  ARTICLE  IV 
PALP  ARTICLE  III 
PALP  ARTICLE  II 
PALP  ARTICLE  I 

COXA  I 

INTERNAL  SPUR 
.EXTERNAL  SPUR 

GENITAL  PLATE 
COXA  II 

COXA  III 
GENITAL  GROOVE 


COXA  IV 

MACULA 

GOBLET  CELLS 
ANUS 


Fig.    10. — Ventral  view,  adult  male  Dermacentor. 


18 


BRIGHAM  YOUNG  UNIVERSITY  SCIENCE  BULLETIN  Vol.  II,  No.  3 


CAPITULUM 


CERVICAL  GROOVE 

EYE 

SCUTUM 

MARGINAL  GROOVE 
FOVEA 


FESTOONS 


Fig.    11. — Dorsal  view,  adult  female  Dermacentor . 
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HYPOSTOME 
PALPUS 


COXA  I 

EXTERNAL  SPUR 
INTERNAL  SPUR 

COXA  II 

GENITAL  APERTURE 


COXA  III 

GENITAL  GROOVE 
COXA  IV 

SPIRACULAR  PLATE 
MACULA 

DORSAL  PROLONGATION 
ANAL  ORIFICE 
POSTANAL  GROOVE 

FESTOONS 


Fig.   12. — Ventral  view,  adult  female  Dermacentor. 


20 


BRIGHAM  YOUNG   UNIVERSITY  SCIENCE  BULLETIN  Vol.  II,  No.  3 


Fig.    13. — Dorsal  view,  adult  male  Anocentor. 
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Fig.   14. — Ventral  view,  adult  male  Anocentor. 
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Fig.   15. — Dorsal  view,  adult  female  Anocentor. 
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Fig.    16. — Ventral  view,  adult  female  Anocerrtor. 
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Fig.   17. — Dorsal  view,  adult  male  Rhipicephalus. 
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Fig.   18.- — Ventral  view,  adult  male  Rhipicephalus. 
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Fig.    19. — Dorsal  view,  adult  female  Rhipicephalus. 
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Fig.  20. — Ventral  view,  auult  female  Rhipicephalus. 
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PICTORIAL  KEYS  FOR  THE  SEPARATION  OF  GENERA 
IN   NYMPHAL   AND   LARVAL   STAGES 

by 

Elias  P.   Brinton- 

and 

D  Elden  Beck 


INTRODUCTION 


Part  I,  published  as  a  separate  study  (Brin- 
ton  &  Beck,  1963),  was  concerned  with  the 
identification  of  adult  hard-bodied  ticks  to  the 
generic  level.  Parts  II  and  III  conclude  the 
pictorial  keys  composed  for  the  taxonomic  seph 
eration  of  the  several  ixodid  genera  found  in 
the  Western  United  States.  With  keys  prepared 
for  the  classification  of  immature  ticks  and 
adults  of  all  genera,  the  next  logical  step  is  the 


application  of  the  same  approach  to  the  species 
of  all  genera.  These  additional  studies  will 
comprise  the  publication  of  subsequent  parts 
of  the  overall  study  of  the  hard-bodied  ticks  of 
the  Western  United  States. 

We  feel  that  illustrated  keys  of  this  typ)e 
will  be  a  valuable  aid  to  workers  concerned 
with  the  identification  of  ticks,  esf)ecially  at 
the  larval  and  nymphal  stages  of  development. 


METHODS 

In  working  up  a  suitable  mounting  pro-  In  preparing  both  larvae  and  nymphs  to  be 
cedure  to  prepare  the  immature  ticks  for  ex-  observed  microscopically,  procedures  must  be 
amination,  two  clearing  solutions  and  three  used  which  will  result  in  clear  anatomical  de- 
mounting media  were  tried.  tail  and  a  minimum  of  distortion.  We  found 
Two  clearing  solutions  used  were  85  percent  the  following  clearing  and  mounting  procedure 
lactic  acid,  and  Nesbitt's  solution.  We  found  best  among  several  which  were  tried. 
Nesbitt's  solution  to  be  much  perferred  in  that  Sjjecimens  were  removed  from  the  preserva- 
it  cleared  the  specimen  faster.  When  mounted,  tive,  70  percent  ethyl  alcohol,  and  placed  in 
the  legs  of  the  specimen  readily  extended.  Nes-  Nesbitt's  solution  where  they  were  allowed  to 
bitt's  solution  is  prepared  (Evans,  et  al.,  1961,  remain  at  room  temperature.  An  hourly  check 
Strandtmann  and  Wharton,  1958)  at  room  on  clearing  was  advisable.  An  additional  fieriod 
temperature  as  follows:  of  not  more  than  three  hours  was  allowed  be- 
yond   the    time    when   the    specimen    first   ap- 

Chloral  hydrate 40  g.  peared  to  be  cleared.    Overcleaning  is  undesir- 

"^ter 25  g.  able   as   this  inhibits  extension  of  the  legs.    It 

Hydrochloric  acid  2.5  ml.  vvas  not  always  necessary  to  puncture  engorged 

specimens    for    some    readily    cleared    without 

Polyvinyl  alcohol    (PVA)   and  two  modifi-  puncturing, 

cations   of    Berlese's    gum    chloral   media— i.e.,  Rest  results  in  mounting  the  specimens  on 

Hoyer's  and  de  Faure's— were  used  as  mount-  microslides  were  obtained  by  taking  them  di- 

ing   media.     For   our    work,    Hoyer's   medium  rectly  from  Nesbitt's  solution  and  placing  them 

was  definitely   superior.    The  specimens  were  in   a   drop  of  Hoyer's  medium  previously  ap- 

much  clearer,  especially  after  being  allowed  to  plied   to   the   slide.    Before   the   cover  slip  was 

remain  in  a  warming  oven  for  a  day  or  two.  applied,  specimens  were  oriented  in  the  medi- 

The  legs  remained  extended,  and  tlie  specimens  um  to  a  desired  position.    This  facilitated  later 

were   not   distorted.     Hoyer's   medium    is   pre-  observation   under   high    power  magnification, 

pared    (Evans,  et  al.,   1961,   Strandtmann  and  The  mounted   specimen  was  warmed  over  an 

Wharton,    1958)    at  room  temperature   as   fol-  alcohol   lamp  at   brief  intervals   until   the  legs 

'°^^-  had  been  uniformly  extended  by  the  warmed 

Distilled  water  50  g.  medium.    The  prepared  slide  was  then  placed 

Chloral  hydrate  200  g.  in  a  warming  oven  for  48  hours  at  a  tempera- 
Gum  arable  or  gum  acacia  ..  30  g.  ture  of  about  50°  C.  This  caused  further  clear- 
Glycerin  20  g.  ing  and  solidification  of  the  mounting  medium. 

'This  investigation   supported   in  part  by  Research  Grant  Al  01273-07  from  the  National   Institutes  of  Health,   US     Public  Health  Service. 
^Department  of  Zoology  and   Entomology.   Brigham  Young  University,   Provo,    Utah. 
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If  at  the  end  of  12  to  24  hours  the  legs  had  con- 
tracted from  the  extended  position,  rewamiing 
over  a  flame  usually  caused  them  to  extend 
again.  Mounted  slide  specimens  were  ringed 
with  Zut  slide  ringing  comp)ound. 

Live  specimens  which  had  been  immediate- 
ly placed  in  preservative  (70  percent  ethyl  al- 
cohol) cleared  much  faster  than  dead  specimens 
which  had  been  removed  from  the  host  body. 
Laboratory-reared  specimens  should  be  allowed 
three  to  five  days  after  hatching  before  they  are 
placed  in  the  preservative.  This  waiting  period 
permits  sclerotization  of  the  integument  to  take 
place. 

Toward  the  end  of  our  study,  we  began 
preserving  our  ticks  in  Oudeman's  fluid.  This 
preservative  has  definite  advantages  over  70 
percent  ethyl  alcohol,  in  that  the  specimens  die 
with  their  legs  fully  extended.  In  addition, 
glycerol  which  is  in  the  fluid  will  prevent  com- 
plete dessication  of  the  specimen  should  the 
alcohol  evaporate.  Our  preparation  of  Oude- 
m.an's  fluid  is  as  follows: 

70%  ethyl  alcohol 87  parts 

Glycerin  5  parts 

Glacial  acetic  acid 8  parts 

It  is  our  suggestion  that  all  laboratory  speci- 
mens be  preserved  in  the  above  fluid,  and  the 
same  be  applied  to  field  collected  specimens 
when  possible. 

Drawings  of  the  immature  stages  were  made 
from  slide  specimens  selected  from  series  of 
slides  examined  with  the  use  of  a  Zeiss  phase- 
contrast  microscope.  Selected  specimens  were 
then  placed  on  a  Leitz  microslide  projector, 
and  the  body  outline  was  reproducd  on  Quad- 
rille paper  ruled  ten  squares  to  the  inch.  A 
penciled  general  outline  of  the  specimen  show- 
ing general  anatomical  arrangement  was 
sketched  on  the  Quadrille  paper.  Dorsal  and 
ventral  aspects  were  drawn.  Details  of  ana- 
tomical and  morphological  structure  were  ob- 
tained and  added  to  the  sketch,  by  careful  ex- 
amination of  each  selected  specimen  with  the 
use  of  the  phase-contrast  microscope.  Final 
drawings  were  accomplished  by  comparing  the 
semi-completed  sketch  with  unmounted  speci- 
mens observed  with  a  Leitz  stereomicroscope 
at  magnifications  of  120-216  diameters.  Best 
illumination  for  the  latter  was  obtained  by  use 
of  two  A.O.  Universal  Illuminators  located 
about  four  inches  from  the  specimens.  This 
final  comparative  examination  is  important.  In 
making  drawings  of  the  specimen  compressed 
by  the  cover  slip  some  distortion  may  be  ex- 
pected. 

Workers  using  our  pictorial  keys  will  be 
dealing  with  both  mounted  and  unmounted 
specimens.  Initially  we  used  Polyvinyl  alcohol 
(PVA)  as  a  mounting  medium.  Several  dis- 
advantages were  found  in  using  it.   The  follow- 


ing are  some  examples.  When  mounted  speci- 
mens are  flamed  over  the  alcohol  lamp,  they 
often  become  distorted  due  to  swelling.  This  is 
especially  true  for  the  intersegmental  mem- 
brane between  the  coxa  and  trochanter.  Speci- 
mens which  had  been  mounted  for  a  period  of 
about  three  to  four  weeks  were  found  to  be 
distorted  due  to  excessive  flattening  caused  by 
contraction  of  the  PVA  under  the  cover  slip. 
We  are  also  of  the  opinion  that  PVA  reduces 
the  clarity  as  observed  by  the  phase-contrast 
microscope. 

Palp  article  two  in  all  stages  of  development 
in  Haemaphysalis  of  the  new  world  s{>ecies  has 
a  distinct  lateral  angular  projection.  While  this 
character  is  common  to  all  known  new  world 
species — i.e.,  H.  leporis-palustris  (Packard),  H. 
chordeilis  (Packard)  and  H.  juxtakochi  Cooley 
(Kohls,  1960) — it  is  not  common  to  all  old 
world  and  Asian  species.  The  drawings  made 
for  this  study  were  //.  leporis-palustris. 

The  posterior  scutal  margin  of  the  different 
stages  of  development  for  Dcrmacentor  in  the 
Western  United  States  are  generally  constant 
with  only  slight  variation.  The  genus  Ixodes 
in  the  Western  United  States  shows  a  distinct 
variation  of  the  posterior  scutal  naargin  in  all 
stages  of  development. 

Chaetotaxy  was  not  used  to  characterize 
the  several  genera  of  ixodid  ticks  studied  for 
the  Western  U.S.  For  example,  the  pattern  of 
arrangement  in  Dermacentor,  Anocentor^  and 
Rhipicephalus  was  markedly  similar.  In  Haem- 
aphysalis and  Ixodes  however  there  was  an 
obvious  difference  in  the  pattern  of  arrange- 
ment. 

Sufficient  observation  of  the  setal  organiza- 
tion was  not  made  with  the  nymphs  of  several 
genera  used  in  this  study  to  allow  generaliza- 
tions to  be  made  about  the  patterns  of  arrange- 
ment. The  same  approach  was  taken  with  re- 
spect to  the  adults.  The  reason  that  setal  ex- 
amination was  not  thoroughly  investigated  and 
used  extensively  is  that  other  more  obvious 
characteristics  were  found  that  could  be  used 
for  generic  separation.  Although  we  have  made 
relatively  limited  use  of  setae  in  this  study,  we 
nevertheless  use  the  same  terminology  estab- 
lished by  Glashinskaya-Babenko  (1949)  as 
adapted  by  Clifford  and  Anastos  (1960). 

The  only  integimientary  sense  organs  in- 
cluded in  this  study  were  the  sensilla  sagitti- 
formia  located  posterior  to  each  coxal  plate  and 
a  dorso-lateral  pair  on  the  opisthosoma  in  the 
larvae  (Schultz  1942,  Dinnik  and  Zumpt, 
1949).  See  couplet  2  in  the  key  for  the  identi- 
fication of  the  larvae.  Also  see  Figures  33,  35, 
37,  and  39.  The  nj-mphal  (and  adult)  speci- 
mens of  A.  nitens  were  densely  hirsute  on  the 
idiosoma.  Hirsuteness  was  considered  as  sparse 
in  the  other  genera.  See  Figures  27,  28,  and 
29.  30. 
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PICTORIAL  KEY  FOR 
SEPARATION  OF  NYMPHS 

1.    Eyes   present    2 


Eyes  absent 4 


2.    Goblet  cells  very  large,  usually  three  to  four  in  number. 

Seven  festoons  present  Anocentor 

See  Figures  27  and  28  for  dorsal  and  ventral  views  of  nymph. 


.GOBLET  CELL 
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Goblet  cells  small  to  moderate,  more  than  four  in  number.    Eleven  festoons 
present    3 


FESTOONS 
GOBLET  CELLS 


3.    Postanal  groove  distinct.  Palp  article  I  not  visible  dorsally, 

small  and  angular  ventrally  Rhipicephalus 

See  Figvtres  29  and  30  for  dorsal  and  ventral  views  of  nymph. 


PALP  ARTICLE  I 


POSTANAL  GROOVE 


Postanal  groove  indistinct.    Palp  article  I  inconspicious  dorsally,  not  small 

and  angular  ventrally  Dermncentor 

See  Figures  25  and  26  for  dorsal  and  ventral  views  of  nymph. 


POSTANAL  GROOVE 
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4.    Palp  article  II  laterally  triangular.    Postanal  groove  conspicious  and  pos- 
terior to  anus  Haemaphysalis 

See  Figures  23  and  24  for  dorsal  and  ventral  views  of  nymph. 


PALP  ARTICLE  II 
POSTANAL  GROOVE 


Palp  article  II  not  laterally  triangular.   Preanal  groove  extending  anterior  to 

anus   Ixodes 

See  Figures  21  and  22  for  dorsal  and  ventral  views  of  nymph. 


PALP  ARTICLE  II 


PREANAL  GROOVE 
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PICTORIAL  KEY  FOR 
SEPARATION  OF  LARVAE 


\.    Eyes  present 


Eyes  absent  4 


2.  Four  pairs  of  marginal  dorsal  setae  anterior  to  sensilla  sagittiformia.  Apex 
of  palps  narrowly  rounded,  tending  to  be  somewhat  acute  ...  Rhipicephalus 
See  Figures  39  and  40  for  dorsal  and  ventral  views  of  larva. 


ENSILLA  SAGITTIFORMIA 
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Three  pairs  of  marginal  dorsal  setae  anterior  to  sensilla  sagittiformia.    Apex 
of  palps  not  narrowly  rounded,  tending  to  be  evenly  rounded  3 


rY\ 


3.    Basis  capitidum  laterally  angulate  or  moderately  rounded  ....  Dermacentor 
See  Figures  35  and  36  for  dorsal  and  ventral  views  of  larva. 


rr\ 
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Basis  capitulum  laterally  truncate   (square)   

See  Figures  3  Zand  38  for  dorsal  and  ventral  views  of  larva. 


Anocentor 


4.    Sensilla  sagittiformia  present.  Palp  article  II  laterally  triangulate 

- Haemaphysalis 

See  Figures  33  and  34  for  dorsal  and  ventral  views  of  larva. 


Sensilla  sagittiformia  absent.   Palp  article  II  not  laterally  triangulate  Ixodes 
See  Figures  31  and  32  for  dorsal  and  ventral  views  of  larva. 
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Fig.  22. — Ventral  view  nymphal  Ixodes 


Fig.  21. — Dorsal  view  nymphal  Ixodes. 
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Fig.  23. — Dorsal  view  of  nymphal 
Haernaphysalis 
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Fig.  26. — Ventral  view  of  nymphal 
Dermacentor 


Fig.  25. — Dorsal  view  of  nymphal  Dermacentor 
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Fig.  28. — Ventral  view  of  nymphal  Anocentor 


Fig.  27. — Dorsal  view  of  nymphal  Anocentor 
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Fig.  30 — Ventral  view  of  nymphal 
Rhipjcephalus 


Fig.  29. — Dorsal  view  of  nymphal 
Rhipicephalus 
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Fig.  32. — Ventral  view  of  larval  Ixodes 


Fig.  31. — Dorsal  view  of  larval  Ixodes 
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Fig.  34. — Ventral  view  of  larval  Haemaphysalis 


Fig.  33. — Dorsal  view  of  larval  Haemaphysalis 
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Fig.  36. — Ventral  view  of  larval  Dermacentor 


Fig.  35. — Dorsal  view  of  larval  Dermacentor 
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Fig.  38. — Ventral  view  of  larval  Anocentor 


Fig.  37. — Dorsal  view  of  larval  Anocentor 
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Fig.  40 — Ventral  view  of  larval  Rhipicephalus 


Fig.  39. — Dorsal  view  of  larval  Rhipicephalus 
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NEVADA  TEST  SITE  STUDY  AREAS  AND  SPECIMEN  DEPOSITORIES 


This  paper  supplements  the  piibhcation 
"Biotic  Communities  of  the  Nevada  Test  Site" 
(Allred,  Beek,  and  Jorgensen,  1963)  whitli 
deHneated  tlie  major  plant  communities;  desig- 
nated the  predominant  species  of  animals  and 
their  relative  abundance,  seasonal  occurrence, 
and  ecological  distiibution;  and  listed  all  the 
species  known  as  a  result  of  our  ecological 
studies.  The  present  paper  supplies  additional 
information  on  tlie  specific  location  and  ecologi- 
cal peculiarities  of  our  collection  stations,  and 
lists  the  depositories  of  the  specimens.  This 
will  enable  the  interested  worker  to  locate  within 
a  short  distance  the  place  where  specimens 
were  collected  and  to  know  where  they  have 
been  deposited.  Collection  data  are  presented 
in  Table  1,  and  an  explanation  of  the  contents 
and  meanings  of  the  abbreviations  of  tlie  table 
columns  are  given  below.  Depositories  are  listed 
on  pages  14-15. 

Area  column.  Early  in  our  studies  to  facili- 
tate methods  of  survey,  we  established  study 
areas.  Some  areas  were  established  independ- 
ently of  those  of  the  Atomic  Energy  Commis- 
sion (Holmes  and  Narver,  Inc.,  1961,  page  4). 
Others  were  closely  aligned  with  the  AEC  desig- 
nations (Fig.  1).  Those  identified  by  a  numeral 
were  established  by  the  Commission,  although 
our  boundaries  do  not  necessarily  correspond 
with  theirs.  Areas  identified  by  letters  were 
selected  by  us  independently  of  the  AEC 
weapons  testing  program. 

Study  site  column.  Subsequent  to  area  desig- 
nation specific  sites  within  each  area  were 
selected.  Single  or  double  capital  letter  com- 
ponents were  used  to  identify  these. 

Type  of  study  column.  A  one-  or  two-letter 
component  indicates  the  arrangement  of  the 
collecting  equipment  in  the  specific  study. 
Meanings  of  the  abbreviations  used  are  as 
follows; 

B         Berlese  funnel  study,   an  examination 

of    individual    plants    of    a    particular 

species 
M        .Miscellaneous  techniques 
PT      2  parallel  transects 
Q        Quadrat  arrangement  consisting  of  3  or 

more  parallel  transects 
RT      4   or  more  transects  radiating  from  a 

central  point 
ST       Single  transect 


Plant  community  column.  The  first  2  letters 
of  the  generic  name(s)  of  the  plant  community 
are  given  as  follows: 

At-Ko  Atriplcx  coiifcrtifoliu  and  Kuchia 
ameiicana 

Co  Culeogyne  raiitusissima 

Gr-Ly  Grai/ui  spinosa  and  Lyciiim  artder- 
sonii 

La-Fr  Larrca  divaiicata  and  Fnutseria  du- 
mosa 

Mixed  A  variety  of  plants  which  occur  in 
amounts  which  makes  assignment  to 
one  of  the  major  communities  im- 
practical 

Pi-Ju  Pinu.s  monophijUa  and  Juniperus 
osteosperma 

Sa  Sahola  kali 

Specific  vegetation  column.  A  generic  code 
is  given  for  the  predominant  species  of  plant(s) 
found  in  greatest  abundance  at  the  study  site. 
If  a  species  is  not  indicated,  it  is  the  same  as 
the  predominant  species  listed  imder  the  head- 
ing Plant  Community. 

Ar  Artemisia  tridentata 

Atf  Atiiplex  confciiifolia 

Atn  Atiiplex  canescens 

Br  Bromiis  nibens 

Ch  Chiysothautmis  paniculatus 

Co  Coleogijne  ramosissima 

Da  Dalea  fremontii 

Ep  Ephedra  nevadensis 

Er  Eriogomim  spp. 

Eu  Eurotia  lanata 

Fr  Franseria  ditmosa 

Gr  Graijia  spinosa 

Hy  Hijmenocica  sahola 

Kg  Kochia  amcricana 

Kr  Krameria  parvifolia 

La  Larrea  divaricata 

Lya  Lyciiiin  andersonii 

Lyp  Lyciiim  pallidtiin 

Lyr  Lycium  rickardii 

Me  Menodora  spincscens 

Or  Oryzopsis  hijinenoides 

Pi  Finns  monophylla 
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Sa       Scihohi  kali 

St        Stipci  spcciosa 

Te       Tetradtjmui  gUibrata 

Var     Several  species  of  shrubs  with  no  clear- 
ly predominant  species 

Yub     Yucca  brevifolia 

Yus     Yucca  schidigera 

Map  reference  location  column.  The  geo- 
graphic position  of  a  study  site  may  be  located 
on  Figure  1  by  following  the  coordinates  of  the 
number  and  letter  indicated  under  this  column 
heading. 

Descriptive  location  column,  in  conjunction 
with  the  Map  Reference  Location  coordinates, 
this  description  is  designed  as  a  guide  to  the 
near  vicinity  of  the  study  site.  Reference  points 
have  been  used  which  (1)  are  indicated  on  Fig- 
ure 1,  (2)  are  easily  identifiable  landmarks,  and 
(3)  are  expected  to  be  continually  identifiable 
at  the  Nevada  Test  Site  in  future  years. 

GZ  Ground  zero  in  the  area  indicated 

N  North 

E  East 

S  South 

W  West 

Many  of  our  identified  specimens  have  been 
dejx)sited  in  museums  and  institutions  of  higher 
learning  (see  pages  14-15).  Specialists  wlio  iden- 
tified these  were  listed  by  Allred,  Beck,  and  ]or- 
gensen  (1963).  Other  specimens,  as  yet  uniden- 
tified, have  been  stored  at  Brigham  Young  Uni- 
versity and  are  available  to  interested  scientists. 
In  OUF  ecological  studies  we  assigned  each  speci- 
men a  collection  code  in  addition  to  the  usual 
collection  information  of  date,  locality,  and  col- 
lector. The  code  was  used  to  facilitate  computor 
analyses  of  our  ecological  data.  Without  de- 
scriptive interpretation  of  the  code  on  the  label, 
each  specimen  is  limited  in  its  use  by  any  spe- 
cialist who  may  want  ecological  information 
about  collections-  made  at  the  test  site.  Interpre- 
tation of  our  codification  may  be  obtained  by 
examination  of  two  specific  examples  which 
follow. 

The  test  site  has  been  divided  into  areas 
as  discussed  above  (Fig.  1).  In  area  5  at  study 
site  A  we  established  a  quadrat-type  study.  At 


specific  intervals  along  each  of  the  12  transects 
of  the  quadrat  we  established  collection  stations. 
At  some  of  the  stations  we  placed  can  pit-traps. 
On  one  of  the  collecting  dates  a  scorpion  was 
trapped  in  the  can  at  station  10  on  transect  L. 
The  collection  code  assigned  to  that  specimen 
was  5AL10C.  This  means:  collected  at  Nevada 
Test  Site  area  5,  at  B.Y.U.  study  site  A,  along 
transect  L,  at  station  10,  in  a  can  pit-trap. 

Another  example  of  this  same  codification 
system  is  TCAS.  This  means:  collected  at 
Nevada  Test  Site  area  T,  at  B.Y.U.  study  site 
C,  along  transect  A,  in  a  Museum  Special  trap. 
This  particular  study  was  one  of  many  area 
sampling  studies  consisting  of  one  or  tvvo  par- 
allel transects  with  traps  spaced  at  regular  in- 
tervals. In  sampling  studies  such  as  this  no 
record  was  made  of  the  specific  station  at  which 
the  animal  was  caught.  Consequently,  the  sta- 
tion number  symbol  was  omitted.  \'ariation  in 
code  letters  and  numliers  may  occur,  but  the 
basic  principle  of  the  codification  system  is  the 
same  in  all  instances. 

With  the  code  as  a  basis,  one  may  obtain 
specific  ecological  information  about  each  speci- 
men by  referring  to  Table  1.  Letters  used  in 
the  codes  for  methods  of  collection  are  as 
follows: 

A  Aerial  insect  net 

B  Berlese  funnel 

C  Can  pit-trap 

G  Gun 

H  Picked  up  by  hand 

I  Sight  observation 

IF  Feeal  sign 

IS  Sound  of  voice 

IT  Tracks 

K  Hava-hart,  live-catch  trap 

L  Allred  live-catch  trap 

M  Japanese  mist  net 

N  Sherman  live-catch  trap 

S  Museum   Special   or  Oneida-Victor  trap 

T  Incadescent  light-trap 

TB  Black-light  (ultra-violet)  trap 

U  Wire  funnel  trap 

V  Killed  by  vehicle 
W  Sweep  net 

Y  Young-type,  live-catch  trap 
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Table   1.     Study   Areas   of   Brigham   Young   University   at    the  Nevada  Test  Site 


Area 


Study  Site       Type  Plant 

and  of  Corn- 

Transect        Study  munity 


Specific  Map 

Vege-       Reference 
tation        Location 


Descriptive  Location 


Q 


Gr-Ly 


Q13 


B 

RT 

Gr-Ly 

Var 

P13 

CA 

ST 

Gr-Ly 

Q13 

CB 

PT 

Gr-Ly 

Q13 

CC 

PT 

Gr-Ly 

N13 

CD 

ST 

Mixed 

N12 

D 

Q 

Gr-Ly 

Qll 

EA 

B 

Sa 

P13 

F 

Q 

Sa 

Q13 

G 

Q 

Gr-Ly 

Q12 

H 

RT 

Gr-Ly 

R12 

I 

RT 

Gr-Ly 

Q12 

J 

RT 

Gr-Ly 

R12 

2 

CA 

ST 

Co 

06 

2 

CB 

PT 

Co 

06 

2 

CC 

PT 

Gr-Ly 

Atf-Eu 

P8 

2 

CD 

PT 

Co 

Er 

08 

2 

CE 

PT 

Co 

N8 

2 

CF 

PT 

Co 

St 

09 

2 

DA 

B 

Co 

P6 

3 

CA 

ST 

Gr-Ly 

Atf-Eu 

R13 

3 

CB 

ST 

Sa 

S13 

3 

CC 

ST 

Sa 

T13 

3 

CD 

PT 

Co 

Yub-La 

V14 

3 

CE 

PT 

Co 

Kr-Da 

V14 

3 

CF 

PT 

Co 

Yub-Te 

V14 

3 

CG 

PT 

Gr-Ly 

Te-Lya 

T14 

3 

CH 

PT 

Mixed 

T14 

3 

CI 

PT 

At-Ko 

T14 

3 

CJ 

ST 

Sa 

S13 

1.3  miles   W  of  Mercury  Highway, 
100  yards  S  of   GZ-1   road 

GZ-1  to  radius  of  1.5  miles 

1.5  miles  E  of  GZ-1 
Same 

2.1    miles    S    of    Tippipah    Spring, 

thence  3.8  miles  E 
3  miles  W  of  GZ-1 
2  miles  NNE  of  GZ-1 
150  yard  radius,  1320  ft  SE  of  GZ-1 
3168  ft  ESE  of  GZ-1 
0.9  mile  ENE  of  GZ-1 

2.6  miles  N  of  Well  3B,  thence  0.7 
mile  W  of  Mercury  Highway 

2.6   miles   N   of   Well  3B,   thence   1 
mile  W   of  Mercury   Highway 

2.6  miles  N  of  Well  3B,  thence  0.4 
mile  W  of  Mercury  Highway 

11  miles  N  of  Well  3B  on  Rainier 
Mesa  road,  thence  100  yards  S 

2.4  miles  SE  Area  12  residence  area, 
S  side  of  Rainier  Mesa  road 

0.5    mile    W    of    Mercury    Highway 

alongside  GZ-2  road 
2.3   miles   W  of   Mercury   Highway 

alongside  GZ-2  road 

3.3  miles   W   of   Mercury  Highway 
alongside  GZ-2  road 

7.7  miles  N  of  Well  3B,  thence  2.1 
miles  W  of  Rainier  Mesa  road 

11  miles  N  of  Well  3B  on  Rainier 
Mesa  road,  thence  100  yards  S 

1.5  miles  N  of  Well  3B,  thence  0.6 
mile  E 

1  mile  E  of  Mercury  Highway  along- 
side GZ-3  road 

1  mile  E  of  GZ-3 

1.4  miles  N  of  Well  3B,  thence  0.3 
mile  NE,  thence  3.8  miles  E 

1.4  miles  N  of  Well  3B,  thence  0.3 

mile  NE,  thence  3.6  miles  E 
1.4  miles  N  of  Well  3B,  thence  0.3 

mile  NE,  thence  3.1  miles  E 
1.4  miles  N  of  Well  3B,  thence  0.3 

mile  NE,  thence  2.8  miles  E 
1.4  miles  N  of  Well  3B,  thence  0.3 

mile  NE,  thence  2.5  miles  E 
1.4  miles  N  of  Well  3B,  thence  0.3 

mile  NE,  thence  2.3  miles  E 

2  miles    E    of    Mercury    Highway 
alongside  GZ-3  road 
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Study  Site       Type 
and  of 

Area         Transect        Study 


3 
3 
3 

4 

4 

4 

4 
4 
4 
4 
4 


Plant 
Com- 
munity 


CK 

CL 

CM 

A 

CA 

CB 

CC 
CD 
CE 
CF 
CG 

CH 


PT 

Sa 

PT 

Sa 

PT 

Sa 

Q 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

ST 

Gr-Ly 

PT 


Gr-Ly 


RT 


La-Fr 


Specific  Map 

Vege-       Reference 
tation        Location 


Descriptive  Location 


Me 


La 


T13 

T13 

S13 

Qll 

P9 

Pll 

N9 
N9 
N9 
N9 
Pll 

Qll 


4 

CI 

ST 

Sa 

P9 

4 

CJ 

PT 

Co 

St 

OlO 

4 

CK 

PT 

Co 

Hy 

Pll 

4 

DA 

B 

Gr-Ly 

Gr 

Qll 

4 

DB 

B 

Gr-Ly 

Lya 

Qll 

5 

A 

Q 

La-Fr 

La 

T26 

T24 


5 

CA 

ST 

La-Fr 

La 

T26 

5 

CB 

ST 

La-Fr 

Lyp 

T27 

5 

CC 

ST 

La-Fr 

Er 

T26 

5 

CD 

ST 

La-Fr 

Er-La 

T26 

5 

CE 

ST 

La-Fr 

La 

T26 

5 

CF 

ST 

La-Fr 

Er 

T26 

5 

CG 

ST 

La-Fr 

Atn 

X27 

5 

CH 

ST 

Mixed 

V33 

5 

CI 

ST 

Mixed 

X27 

5 

CJ 

ST 

Mixed 

W27 

5 

CK 

ST 

Mixed 

V32 

2.3  miles  E  of  Mercury  Highway 
alongside  GZ-3  road 

2  miles  E  of  Mercury  Highway 
alongside  GZ-3  road 

0.7  mile  E  of  Mercury  Highway 
alongside  GZ-3  road 

4.6  miles  N  of  Well  3B  along  Rain- 
ier Mesa  road,  thence  1  mile  W 

0.5  mile  W  of  Mercury  Highway 
alongside  GZ-4  road 

4.2  miles  N  of  Well  3B  along  Rain- 
ier Mesa  road,  thence  2  miles  W 

2.4  miles  W  of  GZ-4 

2.1  miles  W  of  GZ-4 

1.8  miles  W  of  GZ-4 

1.5  miles  W  of  GZ-4 

4.2  miles  N  of  Well  3B  along  Rain- 
ier Mesa  road,  thence  1  mile  W 

4.2  miles  N  of  Well  3B  along  Rain- 
ier Mesa  road,  thence  0.5  mile  W 

0.6  mile  NE  of  GZ-4 

3.5  miles  N  of  Well  3B,  thence  2.1 
miles  W  of  Rainier  Mesa  road 

3.4  miles  N  of  Well  33,  thence  2.1 
miles  W  of  Rainier  Mesa  road 

4.2  miles  N  of  Well  3B  along  Rain- 
ier Mesa  road,  thence  1  mile  W 

Same 

0.2  mile  E  of  Mercury  Highway  S 

of  Well  5B  road 
0.2    mile    W    of    Mercury    Highway 

and  0.2  mile  N  of  Cane  Springs 

road 
0.2  mile  E  of  Mercury  Highway  S 

of  Well  5B  road 
0.3  mile  E  of  Mercury  Highway,  1 

mile  S  of  Well  5B  road 
0.5  mile  S  of  Well  5B  road,  W  of 

Mercury  Highway 
Same 
Same 
Same 

SE  corner  Frenchman  playa,  along- 
side deep  fissure 

1.9  miles  NE  of  Mercury  along  Mer- 
cury Highway,  thence  0.2  mile  E 

2.5  miles  ESE  of  Well  5B  on 
Frenchman  playa 

1.3  miles  ESE  of  Well  5B  on 
Frenchman  playa 

2.9  miles  NE  of  Mercury  along 
Mercury  Highway,  thence  0.3  mile 
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Area 


Study  Site       Type  Plant 

and  of  Corn- 

Transect        Study  munity 


Specific  Map 

Vege-       Reference 
tation        Location 


Descriptive  Location 


CL 


CM 


DB 


ST 


ST 


Mixed 


La-Fr 


La-Fr 


La 


Lyp 


V33 


T24 


5 

CN 

ST 

La-Fr 

Z26 

5 

CO 

ST 

La-Fr 

Lyp 

U27 

5 

CP 

PT 

LaFr 

Lyp 

U27 

5 

CQ 

ST 

La-Fr' 

La 

T26 

5 

CR 

PT 

La-Fr 

Lyp 

T29 

5 

CS 

PT 

La-Fr 

Lyp 

U27 

5 

CT 

PT 

La-Fr 

Lyp 

V28 

5 

CU 

PT 

La-Fr 

Atf 

V26 

5 

CV 

PT 

La-Fr 

Atn 

V26 

5 

CW 

PT 

Mixed 

V26 

5 

cx 

PT 

La-Fr 

La 

U26 

5 

CY 

PT 

La-Fr 

Atf-Lyp 

V27 

5 

CZ 

PT 

La-Fr 

Lyp- La 

V28 

5 

DA 

B 

La-Fr 

La 

U26 

U27 


5 

E 

Q 

La-Fr 

Lyp 

U27 

S 

F 

M 

La-Fr 

La 

V26 

5 

G 

M 

La-Fr 

La 

S24 

5 

HA 

PT 

La-Fr 

La 

V29 

5 

HB 

PT 

Mixed 

V30 

5 

HC 

PT 

Mixed 

T31 

5 

HD 

PT 

La-Fr 

Co-La 

U31 

5 

HE 

PT 

LaFr 

Co 

U32 

5 

HF 

PT 

La-Fr 

Atn 

X27 

5 

HG 

PT 

La-Ff» 

X27 

5 

HH 

PT 

La-Fr 

Lyr 

Y27 

5 

HI 

PT 

La-Fr 

La 

X24 

5 

HJ 

PT 

La-Fr 

La 

Y25 

5 

HK 

PT 

La-Fr 

W24 

5 

HL 

PT 

La-Fr 

Ep 

W23 

1.9  miles  NE  of  Mercury  along 
Mercury  Highway,  thence  0.5  mile 
E 

W  of  Mercury  Highway  0.1  mile  N 
of  Cane  Springs  road 

6  miles  E  of  Well  5B 

0.7  mile  E  of  Mercury  Highway,  1 
mile  S  of  Well  5B  road 

1  mile  E  of  Mercury  Highway,  1 
mile  S  of  Well  5B  road 

0.3  mile  E  of  Mercury  Highway,  N 
of  Well  5B  road 

8.5  miles  N  of  Mercury  along  Mer- 
cury Highway,  thence  1.1  miles  W 

1.5  miles  SW  of  Well  5B,  thence  0.2 
mile  S 

1.7  miles  S  of  Well  5B 
0.9  mile  NE  of  Well  5B 

1  mile  NE  of  Well  5B 
0.6  mile  NE  of  Well  5B 

1.1    miles    NW    of    Well    5B 

0.3  mile  S  of  Well  5B 

2.1  miles  S  of  Well  5B 

0.3  mile  E  of  Mercury  Highway,  N 

of  Well  5B  road 
1.1    miles    E   of   Mercury   Highway, 

thence  1  mile  S  of  Well  5B  road 
Same 
Environs  of  Well  5B 

2  miles  W  of  Mercury  Highway 
alongside   Cane   Springs   road 

2.8  miles  S  of  Well  5B 
4.3  miles  S  of  Well  5B 

5.5   miles    N    of    Mercury,    0.5   mile 

W  of  MeiTury  Highway 
4.8   miles   N   of   Mercury   alongside 

Mercury  Highway 
3.8    miles   N    of   Mercury,   0.8   mile 

SW  of   Mercury  Highway 
2.3  miles  E  of  Well  5B,  thence  0.8 

mile  SE 
2.3  miles  E  of  Well  5B,  thence  1.1 

miles  SE 

2.3  miles  E  of  Well  5B,  thence  1.6 
miles  SE 

4  miles  NE  of  Well  5B 
4  miles  NE  of  Well  5B,  thence  1.9 
miles  SE 

2.4  miles  NE  of  Well  5B,  thence  2 
miles  N 

2.4  miles  NE  of  Well  5B,  thence 
2.8  miles  N 
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of 
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5 

HM 

PT 

La-Fr 

5 

HN 

PT 

Mixed 

5 

HO 

PT 

Mixed 

5 

HP 

ST 

La-Fr 

5 

HQ 

ST 

Sa 

5 

HR 

ST 

Mixed 

Specific  Map 

Vege-        Reference 
tation        Location 


Descriptive  Location 


HS 


ST 


Mixed 


Ep-Fr  W22         2.4   miles  NE  of  Well   5B,  thence  4 

miles  N 
Y27         2.3  miles   E   of   Well  5B,   thence  2.1 

miles   SE,    thence   0.3   mile   E 
V33         1.9    miles    NE    of    Mercury    along 

Mercury  Highway,  thence  1  mile 

E 
La  U23         0.9   mile   N   of   Cane  Springs   road, 

1  mile  E  of  Mercury  Highway 
X27         2.4  miles  E  of  Well  5B       in  center 

of  Frenchman  playa 
U31         4.4    miles    NE    of    Mercury    along 

Mercury  Highway,  thence  0.2  mile 

S 
T26         0.2  mile  W  of  junction  of  Well  5B 

road    and    Mercury    Highway 


5 

P 

M 

Playa 

W26    . 

Frenchman  playa 

6 

A 

Q 

At-Ko 

S15 

0.5    mile   S   of    Well    3B, 
mile  E 

thence   0.6 

6 

B 

RT 

At-Ko 

S15 

0.2    mile   S    of   Well   3B, 
miles  E 

thence   1.2 

6 

CA 

ST 

At-Ko 

S15 

0.5    mile   S    of   Well   3B, 
mile  E 

thence  0.6 

6 

CB 

ST 

Co 

Yub-Co 

R17 

3.2  miles  S  of  Well  3B, 
mile  W 

thence  0.8 

6 

CC 

ST 

Co 

Yub-Co 

R17 

Same 

6 

CD 

ST 

Co 

Yub-Co 

R17 

Same 

6 

CE 

ST 

Co 

Yub-Co 

R17 

Same 

6 

CF 

ST 

Gr-Ly 

Atf-Te 

U15 

1.2   miles   S   of  Well   3B, 
miles  E 

thence  3.5 

6 

CG 

ST 

Gr-Ly 

Atf 

U15 

Same 

6 

CH 

ST 

Mixed 

S17 

3.7   miles   S  of  Well   3B, 
mile  E 

thence  0.5 

6 

CI 

ST 

Mixed 

R17 

3.7  miles  S  of  Well  3B, 
mile  W 

thence  0.5 

6 

CJ 

ST 

Gr-Ly 

Atf-Te 

U15 

1.2  miles  S  of  Well  3B, 
miles  E 

thence  3.5 

6 

CK 

ST 

Mixed 

R17 

3.7  miles  S  of  Well  3B, 
mile  E 

thence  0.1 

6 

CL 

ST 

Mixed 

S17 

3.7   miles   S   of   Well   3B 
mile  E 

;,   thence  1 

6 

CM 

ST 

Mixed 

S17 

Same 

6 

CN 

ST 

Mixed 

S17 

Same 

6 

CO 

ST 

Mixed 

S17 

Same 

6 

CP 

ST 

At-Ko 

S17 

Same 

6 

CQ 

ST 

La-Fr 

La 

817 

Same 

6 

CR 

PT 

Co 

015 

0.7   mile   S   of   Well  3B, 
miles  W 

thence   4.6 

6 

CS 

PT 

Gr-Ly 

015 

0.7    mile   S   of   Well   3B, 
miles  W 

thence  3.5 

6 

CT 

PT 

La-Fr 

Co-La 

015 

0.7   mile   S   of   Well   3B, 
miles  W 

thence  3.4 
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PT 

Co 

Co-Atf 

P15 

PT 

GrLy 

Q15 

PT 

GrLy 

Atf-Eu 

Q15 

PT 

Gr-Ly 

Atf 

Q15 

PT 

GrLy 

Atf 

Q15 

PT 

Co 

Yub-Co 

Q17 

B 

AtKo 

Atf 

S15 

B 

At-Ko 

Ko 

S15 

B 

Gr-Ly 

Eu 

R15 

B 

Gr-Ly 

Atn 

R17 

B 

Co 

Yub 

R18 

M 

Gr-Ly 

R15 

PT 

Co 

Yub-Co 

Q17 

PT 

Co 

Yub-Atf 

R17 

PT 

Mixed 

T20 

PT 

At-Ko 

Ko 

T19 

PT 

At-Ko 

T18 

PT 

Mixed 

U18 

PT 

La-Fr 

La 

822 

Descriptive  Location 


6 

6 

6 
6 

6 

6 

6 

6 
6 
6 
6 
6 
6 


CU' 

cv 

CW 

ex 

CY 

cz 

DA 

DB 

DC 

DD 

DE 

E 

FA 

FB 

FC 
FD 

FE 

FF 

FG 

FH 

FI 

FJ 

FK 
FL 

FM 


PT 
PT 

ST 

ST 
ST 

ST 


La-Fr 
La-Fr 

Mixed 

Mixed 

Mixed 

Mixed 


6 

P 

M 

Playa 

7 

CA 

ST 

Sa 

7 

CB 

ST 

Mixed 

7 

CC 

PT 

Sa 

Co-La 


Co-La 


S21 
R20 

P19 

P19 
T20 

U15 

S18 
SIO 

U9 

Sll 


0.7  mile  S  of  Well  3B,  thence  3.1 
miles  W 

0.7  mile  S  of  Well  3B,  thence  1.1 
miles  W 

0.6  mile  W  of  Well  3B 

0.7   mile   S   of  Well   3B,   thence  0.6 

mile  W 
0.7   mile   S   of   Well   3B,   thence  0.4 

mile  W 
1.8  miles  S  of  Well  3B,  thence  0.8 

mile   W,    thence   0.3   mile   SW 
0.5   mile   S   of  Well   3B,   thence  0.6 

mile  E 
Same 
Environs  of  Well  3B 

3.2  miles  S  of  Well  3B 
4.7  miles  S  of  Well  3B 
Environs  of  Well  3B 

2.7  miles  S  of  Well  3B,  thence  0.8 
mile  W 

1.8  miles  S  of  Well  3B,  thence  0.7 
mile  W 

SE    corner    Yucca    playa 
1.4  miles  N  of  SE  corner  of  Yucca 
playa 

2.3  miles  N  of  SE  corner  of  Yucca 
playa 

2.3  miles  N  of  SE  corner  of  Yucca 
playa,    thence   0.7    mile    E 

3.2  miles  N  of  Cane  Springs  road, 
thence  100  yards  W  of  Mercury 
Highway 

4.6  miles  N  of  Cane  Springs  road, 
thence  100  yards  W  of  Mercury 
Highway 

5.8  miles  N  of  Cane  Springs  road, 
thence  100  yards  W  of  Mercury 
Highway 

5.7  miles  S  of  Well  3B,  thence  3.4 
miles  W 

Same 

0.7  mile  ESE  of  SE  corner  of  Yucca 

playa 
0.5   mile   S   of   Well   3B,   thence  3.1 

miles  E 
Yucca  playa 

5.9  miles  N  of  Well  3B  alongside 
Groom    Lake   road 

3.2  miles  N  of  Well  3B,  thence  5.5 

miles  NE 
3.2  miles  N  of  Well  3B,  thence  1.2 

miles  NE 


Biological  Series,  Vol.  2,  No.  4,  May,  1963 


Study  Site 

Type 

Plant 

Specific 

Map 

and 

of 

Com- 

Vege- 

Reference 

Area 

Transect 

Study 

munity 

tation 

Location 

7 

CD 

PT 

Sa 

Sll 

7 

CE 

PT 

Sa 

T9 

8 

CA 

ST 

Sa 

Q5 

8 

CB 

ST 

Sa 

Q5 

8 

CC 

PT 

Sa 

P5 

9 

CA 

ST 

Sa 

S8 

9 

CB 

PT 

Sa 

S8 

9 

CC 

PT 

Sa 

S8 

9 

CD 

PT 

Mixed 

S9 

9 

CE 

PT 

Sa 

S9 

9 

CF 

PT 

Sa 

Sa-Atf 

RIO 

10 

A 

Q 

Sa 

S7 

10 

B 

RT 

Mixed 

R7 

10 

CA 

ST 

GrLy 

R7 

10 

CB 

ST 

Co 

Co-La 

R7 

10 

CC 

ST 

Co 

La 

S7 

10 

CD 

ST 

GrLy 

S7 

10 

CE 

ST 

Sa 

S7 

10 

CF 

ST 

GrLy 

Lya-Atf 

T7 

10 

CG 

ST 

Co 

Or 

S7 

10 

CH 

ST 

Co 

T7 

10 

CI 

ST 

Co 

T7 

10 

CJ 

ST 

Mixed 

R5 

10 

CK 

PT 

Sa 

S5 

10 

CL 

PT 

Sa 

R5 

10 

CM 

PT 

Co 

St 

Q6 

10 

CN 

PT 

GrLy 

St-Gr 

Q6 

10 

D 

Q 

Co 

S7 

10 


RT 


Gr-Ly 


R5 


Descriptive  Location 


3.2   miles   N  of  Well   3B,   thence  1.7 

miles  NE 
3.2  miles  N   of  Well   33,  thence  3.4 

miles  NE 
0.3  mile  S  of  GZ-8 
0.2  mile  SE  of  GZ-8 
1.2     miles    W     of    Scooter    crater, 

thence  1.1  miles  N 
8.9   miles    N    of   Well    3B    alongside 

Groom  Lake  road 
7.9  miles  N  of  Well  3B  along  Groom 

Lake   road,   thence   1.1   miles  NE 
7.9  miles  N  of  Well  3B  along  Groom 

Lake  road,  thence  0.4  mile  NE 
6.8  miles  N  of  Well  3B  along  Groom 

Lake  road,  thence  0.5  mile  E 
6.8  miles  N  of  Well  3B  along  Groom 

Lake    road,    thence   0.2    mile    E 

5.4  miles    N    of   Well    3B    alongside 
Groom  Lake  road 

9    miles    N    of    Well    3B    alongside 
Groom  Lake  road 

9  miles  N  of  Well  3B  along  Groom 
Lake  road,  thence  0.4  mile  W 

9.5  miles  N  of  Well  3B  along  Groom 
Lake  road,  thence  1  mile  W 

10  miles  N  of  Well  3B  along  Groom 
Lake   road,    thence  0.6  mile   W 

9.5    miles    N    of   Well    3B    alongside 

Groom  Lake  road 
9.2   miles   N   of   Well   3B   alongside 

Groom  Lake  road 
9  miles  N  of  Well  3B  along  Groom 

Lake    road,    thence    0.5    mile    E 
9  miles  N  of  Well  3B  along  Groom 

Lake   road,   thence  0.6   mile  W 
9    miles    N    of    Well    3B    alongside 

Groom  Lake  road 
9  miles  N  of  Well  3B  along  Groom 

Lake  road,  thence  1  mile  E 
Same 
11.5    miles    N    of    Well    3B    along 

Groom     Lake     road,     thence     1.6 

miles  NW 
Environs  N  of  Scooter  crater 
0.6   mile  W  of  Scooter  crater 
1.2  miles  W  of  Scooter  crater 
1.2    miles    WSW   of   Scooter   crater 
9.5  miles  N  of  Well  3B  along  Groom 

Lake    road,    thence   0.5   mile    E 
0.6  mile  NNE  of  Sedan  crater 


10 
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10 


12 


12 


Study  Site       Type  Plant 

and  of  Corn- 

Transect        Study  munity 


CE 


Q,  ST       Gr-Ly 


11 

CA 

ST 

Mixed 

11 

CB 

ST 

Mixed 

12 

A 

Q 

PiJu 

FT 


PiJu 


ST 


PiJu 


Specific  Map 

Vege-       Reference 
tation        Location 


Descriptive  Location 


R5 

W16 

W16 

L5 

L5 


12 

CA 

ST 

Pi-J,u 

L5 

12 

CB 

ST 

Pi-Ju 

L5 

12 

CC 

ST 

PiJu 

L4 

12 

CD 

ST 

Pi-Ju 

Grasses 

L5 

L5 


12 

CF 

PT 

PiJu 

Ar 

J4 

12 

CO 

PT 

Pi-Ju 

Ar 

14 

12 

CH 

PT 

Co 

N4 

12 

CI 

ST 

Mixed 

04 

12 

CJ 

ST 

Mixed 

04 

12 

CK 

ST 

Pi-Ju 

L5 

12 

CL 

ST 

Pi-Ju 

Ar 

L6 

12 

CM 

ST 

Pi-Ju 

L6 

12 

CN 

ST 

Pi-Ju 

J4 

12 

D 

M 

Mixed 

04 

12 

E 

Q 

Pi-Ju 

L4 

12 

F 

M 

Pi-Ju 

Pi 

* 

12 

G 

M 

Pi-Ju 

L4 

13 

CA 

ST 

Gr-Ly 

Eu-Atf 

U3 

13 

E 

M 

Pi-Ju 

+ 

15 

CA 

ST 

MLxed 

R3 

15 

CB 

ST 

Mixed 

R3 

15 

CC 

ST 

Mixed 

S4 

400 

CA 

PT 

La-Fr 

La 

J27 

400 

CB 

PT 

La-Fr 

J27 

10.5     miles     N    of    Well    3B    along 

Groom  Lake  road,  thence  0.3  mile 

W 
GZ  station  11-D 
GZ  station  11-C 
0.7  mile  S  of  Y  on  E  edge  of  Rainier 

Mesa 
0.5  mile  S  of  Y  on  E  edge  of  Rainier 

Mesa 
Same 
Same 

0.3  mile  W  of  Y  on  Rainier  Mesa 
0.5   mile   S   of  Y   along   E  edge  of 

Rainier  Mesa,  thence  0.1  mile  W 
0.7  mile  S  of  Y  on  E  edge  of  Rainer 

Mesa 
3.2  miles  W  of  Y  on  Rainier  Mesa 

3.7  miles  W  of  Y  on  Rainier  Mesa 
S  of  Rainier  Mesa  road  near  Area 

12  residence  area 
Environs  of  White  Rock  Spring 
0.3  mile  S  of  White  Rock  Spring 
0.7   mile   S   of   Y   along   E   edge   of 

Rainier  Mesa,  thence  0.5  mile  W 
1.4   miles   S  of  Y  along  E  edge  of 

Rainier  Mesa 

1.8  miles  S  of  Y  along  E  edge  of 
Rainier  Mesa 

2.4  miles  W  of  Y  on  Rainier  Mesa 

Environs   of   White   Rock   Spring 

0.5  mile  W  of  Y  on  Rainier  Mesa, 
thence  0.5  mile  S 

Gold  Meadow  *(off  map  N  of  sym- 
bol K) 

Semi-permanent  puddle,  100  yards 
W  of  Y  on  Rainier  Mesa 

15.8  miles  NE  of  Well  3B  along 
Groom  Lake  road,  thence  1  mile 
N 

Environs  of  Bald  Mountain  *(off 
map  N  of  symbol  Y) 

14  miles  N  of  Well  3B,  thence  1.2 
miles  NW 

14  miles  N  of  Well  3B,  thence  1 
mile  NW 

11  miles  NE  of  Well  3B  along 
Groom  Lake  road,  thence  1.5 
miles  N 

0.7  mile  E  of  Jackass  Flats  High- 
way, alongside  Cane  Springs  road 

0.3  mile  E  of  Jackass  Flats  High- 
way, alongside  Cane  Springs  road 


Biological  Series,  Vol.  2,  No.  4,  May,  1963 


11 


Study  Site       Type  Plant 

and  of  Corn- 

Area         Transect        Study  munity 


400 


400 


400 


400 


400 


400 


400 


400 


401 


401 


401 


401 


Specific  Map 

Vege-       Reference 
tation        Location 


Descriptive  Location 


CC 


CD 


CE 


CG 


CH 


CI 


CJ 


CE 


CF 


CG 


CH 


A  CA 

A  CB 


PT 


PT 


PT 


CF  ST 


PT 


PT 


PT 


PT 


La-Fr 


La-Fr 


La-Fr 


Mixed 


La-Fr 


La-Fr 


La-Fr 


La-Fr 


PT 


PT 


Mixed 


Mixed 


Lya 


Me-Eu 


Co 


Co 


400 

E 

M 

La-Fr 

La 

J27 

401 

CA 

PT 

La-Fr 

K33 

401 

CB 

PT 

Mixed 

M26 

401 

CC 

PT 

La-Fr 

Co-Gr 

M26 

401 

CD 

PT 

La-Fr 

Lya 

N30 

La-Fr 

Lya 

La-Fr 

Lya 

Mixed 

Mixed 

127  0.4  mile  W  of  Jackass  Flats  High- 
way, W  of  Cane  Springs  road 
junction 
H27  1.5  miles  W  of  Jackass  Flats  High- 
way, W  of  Cane  Springs  road 
junction 

F28  4  miles  W  of  Jackass  Flats  High- 
way, W  of  Cane  Springs  road 
junction 

J29  3.3  miles  SSE  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road 

J33  13..5  miles  NW  of  Mercury  along 
Jackass  Flats  Highway,  thence 
1.5  miles  W 

J25  2.9  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road  alongside  Topopah  Spring 
road 

J25  3.1  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road  alongside  Topopah  Spring 
road 

H24         5.1  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road    alongside    Topopah    Spring 
road 
1.3  miles  E  of  Jackass  Flats  High- 
way alongside  Cane  Springs  road 
13.9   miles   NW   of   Mercury   along- 
side  Jackass    Flats   Highway 
4.1  miles  E  of  Jackass  Flats  High- 
way alongside  Cane  Springs  road 
3  miles  W  of  Cane  Springs  along- 
side Cane  Springs  road 
10.5    miles    W    of    Mercury    along 
Jackass  Flats  Highway,  thence  4 
miles  N 
M31         10.5    miles    W    of    Mercury    along 
Jackass    Flats    Highway,    thence 
3.8  miles  N 

M32  10.5  miles  W  of  Mercury  along 
Jackass  Flats  Highway,  thence  1 
mile  N 

L33  13.5    miles    W    of     Mercury    along 

Jackass    Flats    Highway,    thence 
0.3  mile  SW 

L33  13.5  miles  W  of  Mercury  along 
Jackass  Flats  Highway,  thence 
0.6  mile  SW 

Z27  2.3  miles  E  of  Well  5B,  thence  2.1 
miles  SE,  thence  0.6  mile  E 

Z27  2.3  miles  E  of  Well  5B,  thence  2.1 
miles  SE,  thence  1.3  miles  E 
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Descriptive  Location 


A 

cc 

ST 

Mixed 

Z27 

B 

CA 

PT 

Gr-Ly 

Gil 

B 

CB 

PT 

Gr-Ly 

Ar 

FIO 

B 

CC 

PT 

Gr-Ly 

Gr-Ar 

E9 

B 

CD 

PT 

Gr-Ly 

DIO 

B 

CE 

PT 

Gr-Ly 

Ar 

DIO 

B 

CF 

PT 

Gr-Ly 

Ar 

D9 

C 

B 

ST 

Mixed 

P26 

C 

CA 

ST 

Co 

025 

CB 


CC 


CD 


PT 


PT 


ST 


La-Fr 


La-Fr 


Mixed 


Co-Ep 


Co 


026 


026 


P29 


c 

E 

V 

Aquatic 

P26 

E 

CA 

PT 

Co 

Var 

Jll 

E 

CB 

PT 

Co 

Ar 

Jll 

E 

CC 

PT 

Co 

Ar 

Kll 

E 

CD 

PT 

Pi-Ju 

M6 

E 

CE 

PT 

Pi-Ju 

Ar-Pi 

M6 

E 

CF 

PT 

Co 

Ar 

M6 

E 

CG 

ST 

Pi-Ju 

L6 

E 

CH 

ST 

Mixed 

L6 

E 

CI 

ST 

Mixed 

111 

E 

CJ 

ST 

Co 

Ar 

L7 

F 

CA 

ST 

La-Fr 

Hy 

C26 

CB 


PT 


La-Fr 


Fr 


D28 


5.3  miles  ESE  of  Well  5B 

8.4  miles  NW  of  Tippipah  Spring 
alongside  Basalt  Area  road 

11.1  miles  NW  of  Tippipah  Spring 
alongside  Basalt  Area  road 

12.3  miles  NW  of  Tippipah  Spring 
alongside  Basalt  Area   road 

13.7  miles  NW  of  Tippipah  Spring 
along  Basalt  Area  road,  thence 
1.5  miles  S 

Same 

17.4  miles  NW  of  Tippipah  Spring 
alongside  Basalt  Area   road 

Environs  of  Cane  Springs 
1.9    miles    NW    of    Cane    Springs, 
thence  1.2  miles  NE 

1.5  miles  W  of  Cane  Springs  along 
Cane  Springs  road,  thence  200 
yards  S 

1.5  miles  W  of  Cane  Springs  along 

Cane    Springs    road,    thence    400 

yards  S 
6  miles  W  of  Mercury  along  Jack- 
ass   Flats    Highway,    thence    8.3 

miles  N 
Cane  Springs  pond 
0.5    mile    NE    of    Tippipah    Spring, 

thence  5.6  miles  NW 
0.5    mile    NE    of    Tippipah    Spring, 

thence  7.5  miles  NW 
0.5    mile    NE    of    Tippipah    Spring, 

thence  5  miles  NW 
0.8  mile   SW  of   Area   12   residence 

area,  thence  2.2  miles  S 
0.8   mile  SW  of  Area   12  residence 

area,  thence  1.8  miles  S 
0.8  mile  SW  of   Area   12   residence 

area,  thence  1.4  miles  S 
2.5  miles  SW  of  Area  12  residence 

area 
1.5    miles    S    of    Area    12    garbage 

dump 
0.5    mile    NE    of    Tippipah    Spring, 

thence    3.4    miles    NW,    thence    1 

mile  SW 
2  miles  S  of  Area  12  garbage  dump 

6.7  miles  W  of  Jackass  Flats  High- 
way, opposite  junction  of  Cane 
Springs    road,    thence   3   miles   N 

5.8  miles  W  of  Jackass  Flats  High- 
way, opposite  junction  of  Cane 
Springs  road 
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Mixed 
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Mixed 


La-Fr 
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J 
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PT 
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E 

M 

Ar 

M 

CA 

ST 

Mixed 

M 

CC 

PT 

Mixed 

M 

CD 

ST 

Mixed 

Ar 


Br 


St-Ep 
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C28 


C28 


C25 


H12 


H21 


H21 
G21 


G20 
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Ar-Ju 
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* 

U33 
T33 
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M 
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Mixed 
Mixed 


U34 
U34 


6.7  miles  W  of  Jackass  Flats  High- 
way, opposite  junction  of  Cane 
Springs  road 

6.8  miles  W  of  Jackass  Flats  High- 
way, opposite  junction  of  Cane 
Springs  road,  thence  1  mile  N 

6.8  miles  W  of  Jackass  Flats  High- 
way, opposite  junction  of  Cane 
Springs  road,  thence  4  miles  N 

3.7  miles  NW  of  Tippipah  Spring 
along  Basalt  Area  road,  thence 
0.1  mile  N 

7.8  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road,  alongside  Topopah  Spring 
road 

Same 

8.9  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road,  alongside  Topopah  Spring 
road 

10  miles  N  of  junction  of  Jackass 
Flats  Highway  and  Cane  Springs 
road,  alongside  Topopah  Spring 
road 

9.3  miles  W  of  Mercury  along  Jack- 
ass Flats  Highway,  thence  1000 
ft  SW 

9.3  miles  W  of  Mercury  along  Jack- 
ass Flats  Highway,  thence  500 
ft  W 

3.8  miles  W  of  Mercury  alongside 
Jackass  Flats  Highway  *(off  map 
S  of  symbol  Q) 

2.3  miles  W   of  Mercury   alongside 

Jackass  Flats  Highway  *(off  map 

S  of  symbol  R) 
3.5   miles  W  of   Mercury  alongside 

Jackass  Flats  Highway  *(off  map 

S  of  symbol  Q) 

8.9  miles  W  of  Mercury  alongside 
Jackass   Flats   Highway 

8  miles  N  of  Gold  Meadow  *(off 
map  N  of  symbol  K) 

1  mile  NE  of  Mercury  alongside 
Mercury  Highway 

0.6  mile  NE  of  Mercury  along  Mer- 
cury Highway,  thence  1.5  miles  W 

3.5  miles  S  of  Mercury  along  Mer- 
cury Highway  toward  Highway 
95,  thence  4.3  miles  NE  *(off  map 
S  of  symbol  S) 

Environs  of  Mercury 

Mercury  sewage  disposal  area 
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PT 
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L16 
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CE 

PT 

Co 

Ar 

L17 
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PT 
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Co-Ar 

M17 
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PT 
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CH 

PT 
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L15 
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CI 

PT 

Co 

Co-Ar 

L14 

T 

CJ 

PT 

Mixed 

M14 
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CK 

PT 

Mixed 

M14 
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ST 

Mixed 

M16 

T 

CM 

ST 

Mixed 

K13 

T 

CN 

ST 

Mixed 

J13 

T 

CO 

ST 

Mixed 

K13 

T 

CP 

ST 

Mixed 

L17 

T 

CQ 

ST 

Mixed 

K18 

T 

E 

M 

Mixed 

K13 

Spotted  Mountain  Range,  SE  of 
Mercury  *(off  map  S  of  symbol 
X) 

2.4  miles  NE  of  Well  5B,  thence 
5.3  miles  N 

7.8  miles  NE  of  Well  5B 
7..5  miles  NE  of  Well  5B 

4.4   miles  S  of  Tippipah  Spring 

Environs   of  Tippipah    Spring 

Same 

3.7   miles   S  of  Tippipah  Spring 

4.1  miles  S  of  Tippipah  Spring 
4.7  miles  S  of  Tippipah  Spring 
5  miles  S  of  Tippipah  Spring 

5.3  miles  S  of  Tippipah  Spring 

2.4  miles  S  of  Tippipah  Spring 

2.2  miles  S  of  Tippipah  Spring 

2.1  miles  S  of  Tippipah  Spring 
along  Mid  Valley  road,  thence  1.4 
miles  E 

Same 

1.9  miles  S  of  Well  3B,  thence  6.5 
miles  W 

0.3  mile  S  of  Tippipah  Spring 

2    miles    W    of    Tippipah    Spring, 

thence  0.3  mile  S 
0.2   mile  W  of  Tippipah  Spring 
4.4    miles    S    of    Tippipah    Spring, 

thence  1  mile  SW 
4.4    miles    S    of    Tippipah    Spring, 

thence  3  miles  SW 
Environs   of  Tippipah    Spring 


DEPOSITORIES   OF   NEVADA   TEST 
SITE  ANIMAL  SPECIMENS 

L    American  Museum  of  Nutiual  History,  New 
York,  New  York 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers   and    otlier    orthopterans 

2.  Brigham  Young   University,   Provo,   Utah 

All  ta.xononiie  groups 

3.  California  Academy  of  Sciences,  San  Fran- 
cisco, California 

Isopods,  sccjrpions,  ants,  beetles,  grass- 
hoppers   and    other    orthopterans 

4.  Canada  Department  of  Agriculture,  Ottawa, 
Ontario,  Canada 

Beetles,  mainly  Scarabaeidae 


5.  Chicago  Natural  History  Museum,  Chicago, 
Illinois 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers and  other  orthopterans 

6.  Dixie  College,  St.  Ceorge,  Utah 

Lizards,  scorpions,  ants,  beetles,  grass- 
hoppers   and    other   orthopterans 

7.  Museiun    of    Comparative    Zoology     ( Har- 
vard), Cambridge,  Massachusetts 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers and  other  orthopterans 

8.  New     Mexico    Highlands     Uni\'ersity,    Las 
Vegas,  New  Mexico 

Lizards 
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9.    Philadelphia  Academy  of  Natural  Sciences, 
Philadelpliia,  Pennsylvania 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers and  other  orthopterans 

10.  University  of  California,  Los  Angeles,  Cali- 
fornia 

Mammals 

11.  University  of  Michigan,  Ann  Arbor,  Michi- 
gan 

Scorpions,  ants,  beetles,  grasshoppers 
and  other  orthopterans 

12.  University  of  Nevada,  Las  Vegas,  Nevada 

Mammals,  isopods,  scorpions,  ants, 
beetles,  grasshoppers  and  other  orthop- 
terans 

13.  University  of  Nevada,  Reno,  Nevada 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers and  other  orthopterans 

14.  University    of    Tennessee,    Knoxville,    Ten- 
nessee 

Ants 


15.  University  of  Utah,  Salt  Lake  City,  Utah 

Isopods,  ants,  beetles,  grasshoppers  and 
other  orthopterans 

16.  United  States  National  Museum,  Washing- 
ton, D.  C. 

Isopods,  scorpions,  ants,  beetles,  grass- 
hoppers and  other  orthopterans 

17.  Utah   State   University,   Logan,   Utah 

Scorpions,    ants,    beetles,    grasshoppers 
and  other  orthopterans 
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BIRDS  OF  THE  NEVADA  TEST  SITE 


During  the  course  of  ecological  studies  con- 
ducted at  the  Atomic  Energy  Commission  test 
site  since  1959  in  the  vicinity  of  Mercury,  Ne- 
vada, collections  and  observations  of  the  birds 
of  the  area  were  made.  Although  the  work  on 
birds  was  somewhat  incidental  to  other  phases 
of  the  study,  a  considerable  amount  of  infor- 
mation nevertheless  was  assembled,  and  it  would 
seem  to  be  desirable  to  publish  it  at  this  time. 
Most  of  the  collecting  and  observing  was  done 
during  1961  and  1962,  at  which  time  about  900 
specimens  were  collected  and  prepared  as  study 
skins  and  several  thousand  individual  obser- 
vations  were  recorded. 

The  overall  project  at  Mercury  was  carried 
on  under  a  contract  ( AT(  11-1 ) 786)  between  the 
Atomic  Energy  Commission  and  Brigham  Young 
University.  Dr.  Dorald  M.  Allred  of  the  De- 
partment of  Zoology  at  Brigham  Young  Uni- 
versity was  the  principal  investigator  and  served 
as  general  supervisor  of  the  project.  Clive  D. 
Jorgensen,  who  was  at  the  time  the  immediate 
director  of  tlie  work  at  the  site,  made  some  of 
the  collections  and  observations  of  the  birds. 
The  work  of  the  authors  was  as  follows:  Hay- 
ward  did  some  collecting  and  observing  at  the 
site  during  the  summer  of  1960  and  has  been 
responsible  for  cataloguing  and  identifying  the 
specimens  and  for  writing  most  of  this  manu- 
script. Killpack  and  Richards,  both  of  whom 
worked  at  intervals  on  the  site,  were  responsible 
for  most  of  the  field  collecting  and  recording, 
particularly  during  the  1961  and  1962  seasons. 
Killpack  has  also  done  most  of  the  work  on  the 
bibliography.  Prior  to  the  time  of  this  project, 
W.  H.  Rickard  made  some  observations  on  the 
nesting  of  birds  at  the  test  site.  His  data  were 
available  to  us  through  his  publication  (1961). 
Richards  (1962)  has  published  a  short  paper  on 
the  wintering  of  certain  birds  in  the  area.  Our 
own  information  has  been  recorded  on  IBM 
cards  and  reproduced  so  as  to  indicate  numbers, 
seasonal  occurrence,  and  habitat  relations  for 
each  species.  This  information  has  been  used 
extensively  in  preparing  this  report.  Consider- 
ing the  fact  that  the  study  of  birds  was  some- 
what of  a  sideline  to  other  aspects  of  the  pro- 
ject a  remarkable  amount  of  data  was  assembled. 
It  is  especially  important  that  most  of  the  spec- 
ies known  to  occur  in  the  area  are  represented 
by  collected  specimens. 


Allred,  Beck  and  Jorgensen  (1963)  have  des- 
cribed in  considerable  detail  the  principal  biotic 
communities  of  the  Nevada  Test  Site.  They 
have  also  included  a  list  of  the  known  species 
of  birds  and  indicated  their  habitat  preferences. 
For  this  reason  it  will  not  be  necessary  here 
to  comment  extensively  on  the  biotic  commun- 
ities and  their  ecological  significance.  It  may 
be  desirable,  however,  to  point  out  certain 
features  of  the  physical  and  biotic  habitats  that 
influence  the  distribution  and  occurrence  of 
the  avifauna  of  the  area. 

Considering  the  generally  desert  condition 
of  the  area,  it  is  rather  remarkable  that  so 
many  different  kinds  of  water  and  shore  birds 
have  been  recorded.  Nearly  all  of  these  birds 
are  transients  and  their  occurrence  is  depend- 
ent upon  the  availability  of  open  water,  which 
is  variable  from  season  to  season  and  from  year 
to  year.  The  playa  basins,  of  Frenchman  and 
Yucca  Flats  sometimes  contain  considerable 
water.  In  fact,  the  basin  at  Frenchman  Flat 
was  partially  dammed  off  and  during  the  winter 
of  1960-61  and  the  following  summer  contained 
a  lake  several  feet  deeji^  Run-off  from  local 
cloudbursts  frequently  collects  in  these  basins, 
and  the  water  may  remain  for  several  weeks 
or  months.  Nearly  all  of  the  common  species 
of  local  and  transient  water  birds  stop  on  these 
lakes.  Most  of  the  kinds  of  shore  and  wading 
birds  that  ordinarily  migrate  across  the  area 
also  stop  for  varying  lengths  of  time  at  the 
playa  lakes.  At  wells  3B  and  5B  there  are 
small  reservoirs  which  contain  water  most  of 
the  time  and  also  attract  a  few  water  and  shore 
birds.  Over  the  entire  test  site  there  are  a  few 
small  natural  springs  including  Topopah 
Spring,  Tippipah  Spring,  White  Rock  Spring 
and  Cane  Springs. 

Although  these  springs  and  reservoirs  are 
limited  both  in  size  and  in  number,  they  rep- 
resent scattered  oases  in  an  otherwise  waterless 
area,  and  often  attract  large  concentrations  of 
small  land  birds  that  come  in  especially  in  the 
evening  to  feed  and  drink.  Most  characteristic 
of  these  aggregations  are  homed  larks,  mourning 
doves,  and  nighthawks.  In  addition  to  these 
large,  conspicuous  concentrations  of  certain 
species  there  is  a  steady  stream  of  small  passer- 
ines as  well  as  large  birds  in  and  out  of  the 
spring  areas.  This  is  particularly  evident  at  Cane 
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Springs,  where  there  is  some  cover  as  well  as 
water.  These  water  sources,  small  as  they  are, 
are  responsible  for  the  presence  of  many  species 
of  birds  that  would  not  otherwise  find  the  hab- 
itat suitable  to  their  survival 

The  atomic  testing  activities  and  the  building 
of  roadways  within  the  test  site  have  resulted 
in  localized  changes  in  the  natural  desert  veg- 
etation that  undoubtedly  have  influenced  the 
numbers  and  distribution  of  certain  kinds  of 
birds.  When  the  natural  desert  vegetation  is 
destroyed,  either  bv  an  atomic  explosion  or  by 
road  building  or  other  construction  work,  it  is 
typically  replaced  within  a  short  time  by  Russian 
tliistle  (Salsola  kali)  Tliis  weed  serves  as  a 
source  of  food  and  cover  for  many  small  birds, 
notably  the  house  finch,  which  feeds  on  it  in 
great  flocks,  especially  during  the  winter.  It 
seems  likely  that  this  species  is  far  more  abund- 
ant in  the  area,  owing  to  these  community  mod- 
ifications, than  it  otherwise  would  be.  Utility 
poles  along  the  roadways  serve  as  convenient 
perches  for  several  kinds  of  hawks,  falcons  and 
the  raven,  as  well  as  some  other  species. 

From  the  point  of  view  of  the  avifauna,  the 
natural,  undisturbed  communities  fall  into  two 
general  types.  The  liigher  plateau  areas  exem- 
plified by  Rainier  Mesa  and  Pahute  Mesa  are 
characterized  by  a  predominance  of  Pinyon-Jun- 
iper  woodland  in  which  such  species  as  the 
pinon  Jay  (Gtjmnorhiinis  cijanocephalus) , 
Mountain  Chicadee  {Pants  gambeli).  Plain  Tit- 
mouse (Parus  inonuitiis).  Solitary  Vireo  (Vireo 
solitarkis),  and  Black-  throated  Gray  Warbler 
{Dcndroica  nigrcsccns  )  are  characteristic  resi- 
dents. The  lower  type,  occupving  wide  valleys 
typified  by  Frenchman,  Yucca  and  Jackass  Flats, 
is  vegetated  predominantly  by  a  variety  of  low 
growing  shrubs  in  which  can  be  recognized  sev- 
eral distinct  types  of  plant  communities.  The 
Nevada  Test  Site  occupies  an  area  which  lies 
in  a  position  of  transition  between  what  has 
been  called  the  Southern  Desert  Shrub  Biome 
and  Northern  Desert  Shrub  Biome  (Fautin, 
1946)  or  the  Lower  Sonoran  and  Upper  Sonoran 
Life  Zones  ( Merriam,  1910).  As  would  be  ex- 
pected, elements  of  both  of  these  major  com- 
munities are  to  be  found  in  the  flora  and  fauna 
of  the  test  site  area.  Typical  resident  birds  of 
the  Southern  Desert  Shrub  include  the  Lesser 
Nighthawk  (CJiordeilcs  acutipcnnis),  Costa's 
Hummingbird  {CaU/pte  costac).  Ladder-backed 
Woodpecker  (Dcndrocopos  scalaris).  Cactus 
Wren  (Campylorhtjnchiis  bntncicapiUum)  and 
LeConte's  Thrasher  {Toxostoma  lecontei).  All 
of  these  ;ire  present  at  the  Nevada  Test  Site.  The 
Sage  Thrasher  (Oieoscuptes  montanus).  Green- 


tailed  Towhec  (Chloruia  chlorura),  and  Brew- 
er's Sparrow  {Spizella  bieweri),  typical  resident 
birds  of  the  Northern  Desert  Shrub,  also  occur. 
During  the  breeding  season  the  Southern  Desert 
Shrub  element  seems  to  be  predominant  in  these 
lower  valleys. 

In  winter  the  open  and  warmer  valleys  af- 
ford a  suitable  feeding  ground  for  thousands  of 
small  passerine  birds,  many  of  which  move  in 
from  higher  altitudes  or  more  northern  latitudes. 
Typical  of  these  wintering  birds  are  the  Sage 
Sparrow  {Amphispiza  belli).  House  Finch  (Car- 
podacus  mexicanus),  several  kinds  of  juncos 
{]unco  caniceps.  Junco  orcgamts,  Jiinco  hyemal- 
is).  Mountain  Bluebird  (Sialia  currucoides) , 
Starling  {Sturntis  vulgaris).  White-crowned 
Sparrow  (Zonofricliia  Jeucophrijs) ,  and  Horned 
Lark  {Eremophila  alpestris).  Some  of  these, 
such  as  the  House  Finch  and  Horned  Lark,  are 
continuously  resident  in  the  area  but  occur  in 
greater  numbers  during  the  winter  season. 

In  this  paper  the  kinds  of  birds  known  from 
the  Nevada  Test  Site  will  be  treated  individually 
under  two  or  three  principal  headings  depend- 
ing upon  the  kind  and  amount  of  information 
available  to  us  and  the  status  of  each  species. 
Collection  records  are  indicated  in  each  case 
where  specimens  are  available,  and  general  com- 
ments will  be  made  on  sight  records.  Although 
many  thousands  of  sight  records  are  available 
to  us,  we  have  not  attempted  to  make  use  of 
these  to  indicate  populations  except  in  a  very 
general  way,  since  the  data  were  assembled  rath- 
er haphazardly  and  do  not  appear  to  be  statis- 
tically reliable.  Data  assembled  relative  to  sea- 
sonal occurrence  appear  to  present  a  rather  ac- 
curate picture  of  aspection  in  the  birds,  and 
this  information  will  be  summarized  for  each 
species.  From  the  information  at  hand  it  is  pos- 
sible to  draw  some  conclusions  as  to  the  general 
habitat  relations  of  the  several  species,  but  there 
is  a  need  for  more  uniform  observation  and  data 
recording  on  this  particular  subject.  Whenever 
more  than  one  subspecies  is  present  in  the  area, 
or  is  likely  to  occur  there,  a  brief  analysis  of  the 
taxonomic  relationships  of  the  specimens  avail- 
able is  given.  The  present  paper  reports  on 
about  192  kinds  of  birds  of  which  six  are  pre- 
sumably new  records  for  Nevada.  The  new  rec- 
ords are  as  follows:  American  Golden  Plover 
(Pluvialis  dominica);  Pectoral  Sandpiper  (Erol- 
ia  mclanotos);  a  race  of  Hermit  Thrush  (Htjlo- 
cichla  guttata  oromcla);  a  race  of  Swainson's 
Tlirush  (Hijlocichla  iisttihta  ustulata);  Lap- 
land Longspur  (Calcarius  lapponicus  lapponi- 
cus);  and  Purple  Finch  {Carpodacus  purpureas 
calif  ornicus) . 
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A  selected  bibliography  of  the  papers  known 
to  us  that  deal  with  the  birds  of  the  test  site 
and  southern  Nevada  is  included.  No  attempt  is 
made  to  cite  all  published  records  for  each 
species  except  in  a  limited  number  of  cases 
where  the  occurrence  is  unusual.  Some  of  the 
sources  included  in  the  bibliography  are  not 
specifically  cited  in  the  report.  The  names  of 
the  birds  and  the  order  of  their  presentation  fol- 
low the  1957  A.O.U.  "Check-list  of  North  Amer- 
ican Birds"  with  a  few  exceptions. 

Our  appreciation  is  extended  to  the  person- 
nel of  the  Atomic  Energy  Commission,  who 
granted  financial  support  to  the  project  and  to 
their  personnel  at  Mercury  who  furnished  space, 
vehicles  and  other  items  necessary  for  the  work 


there.  We  are  also  grateful  for  the  constant 
support  of  Dr.  Dorald  M.  Allred,  the  general 
supervisor  and  principal  investigator  of  the  en- 
tire project,  and  to  his  field  supervisors,  Clive 
D.  Jorgensen,  Dr.  J.  Richard  Murdock,  and  Le- 
land  White,  who  collected  specimens  or  made 
observations  that  were  of  great  value.  In  ad- 
dition, we  appreciate  the  cooperation  of  Dr. 
Philip  S.  Humplirey  and  Dr.  John  Aldrich  of 
the  U.S.  National  Museum,  who  made  the  col- 
lection of  that  institution  available  to  us  for  the 
identification  of  some  of  the  doubtful  speci- 
mens. We  also  are  grateful  for  the  assistance 
of  Dr.  William  H.  Behle,  University  of  Utah, 
for  the  identification  of  the  Homed  Larks  and 
Red-winged  Blackbirds. 


ACCOUNTS  OF  THE  SPECIES 


Podiceps  caspicus  (Hablizl) 
Eared  Grebe 

Collection  records:  Four  specimens,  March 
3,  October  4,  September  22,  1961;  December  14, 
1960. 

Status:  The  Eared  Grebe  is  an  irregular  win- 
ter visitant  and  was  noted  particularly  on  the 
small  reservoir  at  Well  5B.  Specimens  were  ob- 
served as  early  as  September  22  and  as  late  as 
March  3. 


Aechmophoriis  occidentalis  (Lawrence) 
Western  Grebe 

Collection  records:  Three  specimens,  No- 
vember 11,  16,  June  9,  1961. 

Status:  Only  the  three  birds  collected  were 
seen  on  the  test  site.  Two  were  collected  on 
water  at  Frenchman  Playa,  and  one  sick  bird 
was  picked  up  along  one  of  the  roadways. 


Pelecanus  erythrarhyiwlws  GmeUn 
White  Pelican 

Collection  records:   None. 

Status:  A  small  flock  was  seen  April  10, 
1961,  circling  over  water  at  Frenchman  Playa.i 
None  was  seen  to  light  and  there  are  no  other 
records  of  this  species  for  the  test  site. 

Anlea  herodias  treganzai  Court 
Great  Blue  Heron 

Collection  records:  One  specimen,  August 
14,  1961. 

Status:  The  Great  Blue  Heron  is  probably 
to  be  regarded  as  a  casual  and  irregular  visitor 
at  the  Nevada  Test  Site.  Records  are  available 
for  March,  August  and  September  with  the 
earliest  being  March  10  and  the  latest  Septem- 
ber 10.  The  one  specimen  taken  was  collected 
at  Frenchman  Playa,  and  there  are  four  sight 
records  for  the  same  locahty. 


Podilymbits  podiceps  (Linnaeus) 
Pied-billed  Grebe 

Collection  records:  One  specimen,  April  1, 
1961. 

Status:  Eight  sight  records  were  made  for 
this  grebe.  Present  evidence  indicates  that  it 
is  a  spring  and  autumn  transient  occurring  on 
the  playa  lakes  and  at  Well  5B.  The  earliest 
spring  record  is  for  March  26,  while  the  latest 
autumn  record  is  for  September  11. 


Butorides  virescens  anthonyi  (Mearns) 
Green  Heron 

Collection  records:  One  specimen,  October 
24,  1961. 

Status:  Only  the  one  record  of  the  specimen 
collected  is  available  to  us.  This  bird  was  sick 
and  unable  to  fly.  Although  the  Green  Heron  is 
reported  to  nest  in  southern  Nevada  (A.O.U. 
Check-list,  1957,  p.  44),  we  have  not  found  any 
indication  of  breeding  on  the  test  site. 
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Cct.s-merodius  albus  cgretta  (Gmelin) 
Common   Egret 

Collection  records:  One  specimen,  April  29, 
1961. 

Status:  A  Common  Egret  was  seen  on  sev- 
eral different  occasions  between  April  27  and 
April  29,  1961,  in  company  with  snowy  egrets. 
It  was  seen  first  at  Well  5B,  and  presumably 
the  same  one  was  collected  later  at  Yucca  Playa. 

Leucophoyx  thula  brewsteri  (Thayer  and 

Bangs ) 

Snowy  Egret 

Collection  records:  Two  specimens,  July  29, 
I960;  April  23,  1961. 

Status:  The  Snowy  Egret  is  a  consistent 
summer  resident  at  the  test  site  although  it  does 
not  breed  there.  It  is  seen  about  the  playa  lakes 
and  around  the  wells  from  April  into  Septem- 
ber. 

Nycticorax  nycticarax  hoactli  (Gmelin) 
Black-crowned  Night  Heron 

Collection  records:  One  specimen,  May  7, 
1961. 

Status:  This  species  seems  to  be  an  uncom- 
mon spring  visitor  at  the  test  site.  Besides  the 
single  collection  noted  above  three  sight  records 
are  available  between  April  14  and  May  7  at 
Yucca  Playa. 

Ixobrychus  exilis  hesperis  Dickey  and  van 

Rossem 

Least  Bittern 

Collection  record:  One  specimen,  May  19, 
1961. 

Status:  The  specimen  collected  was  the  only 
one  recorded  during  our  study.  It  was  taken  at 
Yucca  Playa.  The  larger  measurements  of  beak 
and  wing  place  our  specimen  definitely  with 
the  race  hesperis  rather  than  exilis  (Gmelin.) 
The  Least  Bittern  seems  to  be  an  uncommon 
visitor  to  southern  Nevada.  Grater  (1939)  has 
published  sight  records  for  Hemenway  Wash 
and  St.  Thomas,  Clarke  County,  for  August  and 
September  (1938).  Alcorn  (1940)  has  published 
a  record  for  Fallon,  Churchill  County,  farther 
to  the  north. 

Plegadis  chihi  (Vieillot) 
White-faced  Ibis 

Collection  record:  One  specimen,  May  13, 
1961. 


Status:  Three  birds  were  together  at  French- 
man Playa  when  the  above  specimen  was  col- 
lected. This  is  the  only  record  available  to  us 
from  the  test  site  area. 


Branta  camlensis  (Linnaeus) 
Canada  Goose 

Collection  record:  One  specimen,  Decem- 
ber 6,  1959. 

Status:  The  Canada  Goose  is  an  uncommon 
visitor  on  the  test  site.  Two  records  for  March 
26  and  December  6  are  available  at  which  time 
birds  were  seen  on  the  playa  lakes.  The  one 
specimen  collected  was  sick  and  unable  to  fly. 

Allans  platyrhynchos  Linnaeus 
Mallard 

Collection  records:  Two  specimens,  April  4, 
and  November  15,  1961. 

Status:  Mallards  were  irregular  visitors  from 
November  11  to  April  4.  They  were  observed 
mostly  on  the  playa  lakes  but  were  also  encoun- 
tered occasionally  on  the  reservoirs.  The  birds 
were  most  abundant  in  March. 

Anas  acuta  Linnaeus 
Pintail 

Collection  records:  Two  specimens,  August 
17,  1960,  and  October  4,  1961. 

Status:  Pintails  appear  to  visit  the  test  site 
during  autumn  and  spring  migration.  We  have 
no  records  for  May,  June  or  July  or  for  Decem- 
ber and  January.  The  playa  lakes  are  the  fav- 
ored resting  places  for  these  ducks. 

Anas  carolinensis  Gmelin 
Green-winged  Teal 

Collection  records:  Three  specimens,  March 
3,  October  7,  1961;  February  14,  1962. 

Status:  Green-winged  Teal  may  be  seen  on 
the  playa  lakes  and  reservoirs  rather  regularly 
from  August  into  May.  The  concentrations  are 
greatest  during  spring  and  autumn  migration 
and  especially  in  February  and  March.  They 
may  also  be  regarded  as  occasional  winter  vis- 
itors. 

Anas  discors  Lirmaeus 
Blue-winged  Teal 

Collection  records:  Three  specimens,  April 
28  and  October  8,  1961. 

Status:  This  bird  is  an  irregular  vsitor  that 
may  appear  at  most  any  month  of  the  year.   We 
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have  records  for  every  month  except  February, 
March  and  September.  The  greatest  numbers 
were  seen  in  May.  They  were  only  about  10% 
as  common  on  the  test  site  as  the  Green-winged 
Teal. 

Anas  cyanoptera  Vieillot 
Cinnamon  Teal 

Collection  records:  Six  specimens,  March  31, 
April  1,  7,  16,  1961;  April  13,  1962. 

Status:  The  Cinnamon  Teal  seems  to  be 
primarily  a  spring  migrant  through  the  test 
site  area.  Most  of  the  records  are  from  March 
31  into  June  with  the  greatest  concentration  in 
April.  There  is  a  possibility  that  a  pair  may 
have  nested  at  Cane  Springs  during  the  summer 
of  1959.  However,  the  frequent  visits  of  people 
at  the  spring  undoubtedly  would  discourage  the 
regular  breeding  of  the  ducks  at  that  place. 

Mareca  americana  (Gmelin) 
American  Widgeon 

Collection  records:   Three  specimens,  March 

28,  October  9,  November  5,  1961. 

Status:  These  ducks  are  regular  but  rather 
uncommon  spring  and  autumn  migrants.  They 
may  be  seen  on  playa  lakes  and  reservoirs  from 
mid-March  into  May  and  again  in  October  and 
November. 


Spatula  clypeata  (Linnaeus) 
Shoveler 


May 


Collection  records:    Three  specimens, 
4,  November  3,  1961;  April  11,  1962. 

Status:  Shovelers  are  known  to  occur  rather 
sparingly  on  the  reservoirs  and  playa  lakes  as 
spring  and  autumn  transients.  Our  records  are 
from  March  8  into  May  and  from  October  into 
early  November. 

Aythya  americana  (Eyton) 
Redhead 

Collection  records:  Three  specimens,  June 
28,  I960;  March  3,  26,  1961. 

Status:  This  duck  is  a  rare  visitor  at  playa 
lakes  and  reservoirs.  Besides  the  collection  rec- 
ords, nine  sight  records  are  available  from  Feb- 
ruary 10  to  April  23. 


Status:  The  Lesser  Scaup  is  an  uncommon 
spring  migrant  seen  on  playa  lakes  and  on  reser- 
voirs. We  have  nine  records,  all  between  April 
10  and  April  22. 

Bucephala  clangula  (Linnaeus) 
Common  Goldeneye 

Collection  records:    None. 
Status:    We  have  only  one  sight  record  for 
December  17,  1961. 

Bucephala  albeola  (Linnaeus) 
Bufflehead 

Collection  records:  Three  specimens,  March 
29  and  November  11,  1961. 

Status:  The  Bufflehead  is  a  fairly  common 
spring  and  fall  migrant,  where  it  is  to  be  seen 
on  playa  lakes  and  reservoirs  at  the  wells.  We 
have  32  records  for  March  and  April  and  for 
September   through   November. 

Melanitta  perspiciJlata  (Linnaeus) 
Surf  Scoter 

Collection  records:  Two  specimens,  Octob- 
er 22,  23,  1961. 

Status:  Only  the  two  specimens  collected 
have  been  seen  on  the  Nevada  Test  Site.  Pub- 
lished records  for  Nevada  include  its  occurrence 
at  Soda  Lake  in  October  and  November,  1940 
(Alcorn  1941:119).  Alcorn  obtained  three  spec- 
imens during  this  period. 

Oxyura  jamaicensis  (Gmelin) 
Ruddy  Duck 

Collection  records:  Three  specimens,  April  4, 

7,  1961. 

Status:  The  Ruddy  Duck  is  a  fairly  common 
spring  and  autumn  migrant.  It  is  seen  on  playa 
lakes  and  on  reservoirs  from  mid-March  into 
May  and  again  in  October  and  November. 

Mergus  senator  Lirmaeus 
Red-breasted  Merganser 

Collection  records.   None. 
Status:    We  have  only  one  sight  record  for 
May  12,  1961. 


Aythya  affinis  (Eyton) 
Lesser  Scaup 

Collection  record:    One  specimen,  April  10, 
1961. 


Cathartes  aura  teter  Friedmann 
Turkey  Vulture 

Collection  records:    One  specimen,  June  26, 
1961. 
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Status:  The  Turkey  Vulture  is  a  common 
spring  and  summer  resident  at  the  test  site.  Our 
records  extend  from  April  13  to  September  12. 
It  was  most  commonly  seen  in  the  Yucca  Flat 
area. 

Accipitcr  striiitus  velox  (Wilson) 
Sparp-shinned  Hawk 

Collection  records:    None. 

Status:  We  have  four  sight  records  of  this 
hawk  for  April,  September  and  December.  Most 
of  them  were  seen  at  Cane  Springs.  At  this 
place  one  was  observed  to  capture  a  Western 
Tanager. 

Accipitcr  coopciii  (Bonaparte) 
Coopers  Hawk 

Collection  records:  Two  specimens,  July  28, 
1960;  May  6,  1961. 

Status:  There  are  24  records  of  Cooper's 
Hawk  for  the  test  site  area.  It  seems  to  be  more 
common  than  the  Sharp-shinned.  The  records 
are  scattered  from  January  2  to  October  8,  but 
most  of  them  were  for  the  summer  months. 
Many  of  the  birds  were  seen  in  the  Pinyon- 
Juniper  on  the  mesas,  but  they  also  frequently 
visited  Cane  Springs. 

Buteo  jamaicensis  calurus  (Cassin) 
Red-tailed  Hawk 

Collection  records:  Two  specimens,  October 
9,  November  6,   1959. 

Status:  The  observations  of  this  species  were 
rather  evenly  distributed  throughout  every 
month  of  the  year,  and  it  may  therefore  be  con- 
sidered a  permanent  resident.  It  was  observed 
over  all  of  the  types  of  communities  and  was 
common. 

Buteo  swainsoni  Bonaparte 
Swainson's  Hawk 

Collection  records:  Four  specimens,  April 
30  and  May  23,  1961;  August  6,  9,  1960. 

Status:  Records  of  observation  extend  from 
February  17  to  November  17,  but  most  of  the 
birds  were  seen  from  April  through  August. 
Swainson's  Hawks  were  most  frequently  seen 
perching  on  utility  poles  along  the  roadways, 
especially  in  Yucca  Flat.  Rickard  (1961)  men- 
tions a  nest  containing  2  eggs  and  2  young  in 
a  Joshua  tree,  but  gives  no  exact  locality  or  date. 

Buteo  lagopus  s.  jolmnnis  (Gmelin) 
Rough-legged  Hawk 

Collection  record:  One  specimen,  February 
15,  1960. 


Status:  The  Rough-legged  Hawk  was  re- 
corded in  the  test  site  area  from  November  2 
to  May  6.  It  was  regarded  as  the  most  common 
hawk  in  late  winter  and  early  spring,  perching 
on  utility  poles,  especially  at  Yucca  Flat.  On 
several  occasions  pellets  were  found  to  contain 
remains  of  Jerusalem  crickets. 

Buteo  regalis  (Gray) 
Ferruginous  Hawk 

Collection  records:  One  specimen,  Novem- 
ber 11,  1959. 

Status:  This  species  is  regarded  as  a  rather 
uncommon  and  irregular  visitor  at  the  test  site. 
Nine  scattered  sight  records  are  available  from 
September  5  to  June  14.  The  birds  were  most 
frequently  seen  perched  on  utility  poles  in  Yuc- 
ca Flat. 

Aquila  chrysaetos  canadensis  ( Linnaeus ) 
Golden  Eagle 

Collection  records:  Two  specimans,  July  28, 
1960,  and  June  30,  1961. 

Status:  There  are  49  sight  records  of  the 
Golden  Eagle  scattered  rather  evenly  through 
all  the  months  of  the  year.  The  species  is  re- 
garded as  an  uncommon  permanent  resident  in 
the  area,  although  no  nesting  sites  have  been 
located. 

Circus  cyancus  hudsonius  (Linnaeus) 
Marsh  Hawk 

Collection  records:    None. 

Status:  One  hundred  twenty-six  sight  rec- 
ords were  made,  distributed  through  all  the 
months  of  the  year  except  June.  The  greatest 
number  of  recordings  were  made  from  October 
through  March. 

Pandion  haliaetus  (Linnaeus) 
Osprey 

Collection  records:    None. 

Status:  The  osprey  was  seen  flying  over  the 
tree  tops  on  the  mesa,  May  6,  1961.  Two  sight 
records  are  also  available  for  the  Frenchman 
Flat  area  September  5  and  12,  1961. 

Falco  mexicanus  Schlegel 
Prairie  Falcon 

Collection  records:  Two  specimens,  Novem- 
ber 26  and  December  10,  1960. 

Status:  The  Prairie  Falcon  is  a  rather  com- 
mon permanent  resident  of  the  test  site.  It  nests 
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in  the  cliffs  around  tlie  mesas.  On  June  26, 
1961,  a  nest  was  examined  that  contained  two 
young  with  pin  feathers.  Mourning  Dove  feath- 
ers were  found  in  the  nest.  The  young  were  out 
of  the  nest  and  flying  by  July  19. 

Falco   spaiverius   spawerius    Linnaeus 
Sparrow  Hawk 

Collection  records:  Six  specimens,  Novem- 
ber 6,  1959;  April  3,  13,  February  12,  October 
24,  1961. 

Status:  Sparrow  Hawks  were  common  in 
the  test  site  area  every  month  of  the  year  but 
were  most  abundant  in  April.  There  was  con- 
clusive evidence  that  they  nested  in  the  ledges 
around  the  margins  of  the  mesas  although  no 
nests  were  actually  examined. 

Lophoiiijx  gambelii  gcunbelii  Gambel 
Gambel's  Quail 

Collection  records:  Ten  specimens.  February 
11,  I960;  May  14  and  November  10,  1961. 

Status:  Gambel's  Quail  is  a  permanent  res- 
ident in  the  Pinyon-Juniper  woodland  and 
around  all  of  the  springs.  Occasionally  the 
birds  have  been  seen  far  removed  from  water 
on  the  open  desert. 

Alectoris  graeca  (Meisner) 
Chukar 

Collection  records:  Three  specimens,  August 
1,  I960;  November  14,  1961. 

Status:  These  birds,  introduced  into  the  area, 
are  now  well  established  as  permanent  residents 
and  are  very  abundant  on  the  mesas  and  around 
the  springs.  Killpack  observed  a  large  number 
of  birds  at  Topopah  Spring.  Young  birds  were 
seen  on  June  1,  1962. 

Fulica  americana  americana  Gmelin 
American  Coot 

Collection  records:  One  specimen,  October 
26,  1961. 

Status:  The  American  Coot  was  an  uncom- 
mon and  irregular  visitor  at  the  test  site.  Birds 
were  seen  in  March,  July,  September,  Novem- 
ber, and  December  at  well  reservoirs  and  on 
playa  lakes. 

Charadriits  semipalmatus  Bonaparte 
Semipalmated  Plover 

Collection  records:  Four  specimens,  April 
23,  29  and  May  2,  1961. 


Status:  This  species  is  known  at  the  test  site 
only  as  a  spring  migrant  from  March  30  to 
May  13.  Birds  were  seen  on  playas  at  Yucca 
Flat  and  around  the  edges  of  well  reservoirs. 
Several  published  records  for  the  Truckee  and 
Reno  area  are  available  (Christensen  and  Tre- 
lease,  1941;  Johnson,  1954).  Alcorn  (1946)  and 
Marshall  (1951)  reported  specimens  from  La- 
hontan  Valley.  The  only  records  known  to  us 
for  southern  Nevada  are  those  for  Lake  Mead 
reported  by  Grater  (1939). 


Charadrius  alexandiinus  nivosus  (Cassin) 
Snowy  Plover 

Collection  records:    Two  specimens,  March 

30  and  April  2,  1961. 

Status:  We  have  35  records  of  this  species 
for  the  test  site  with  the  earliest  record  March 
30  and  the  latest  May  13.  Most  of  the  records 
were  for  April.  There  is  no  evidence  of  breed- 
ing or  autumn  migration  in  the  area.  Birds  were 
found  around  the  playa  lakes. 


Charadrius  vocifenis  vociferus  Linnaeus 
Killdeer 

Collection  records:  Three  specimens,  July 
29,  I960;  March  16,  1961. 

Status:  The  killdeer  is  a  common  bird  at  the 
test  site  and  has  been  recorded  every  month 
of  the  year  except  December.  Birds  are  most 
abundant  in  March  and  April  and  again  in 
August,  September,  and  October.  Whether  or 
not  they  breed  in  the  area  is  unknown  to  us. 
It  seems  likely  that  they  are  principally  spring 
and  autumn  migrants.  They  occur  regularly  at 
playas  and  around  the  well  reservoirs,  but  they 
are  occasionally  seen  on  the  open  desert. 


Eupoda  montana  (Townsend) 
Mountain  Plover 

Collection  records:  Three  specimens,  Sep- 
tember 12,  16,   1961. 

Status:  The  Mountain  Plover  is  known  to  us 
as  an  autumn  migrant.  The  species  has  apparent- 
ly been  rarely  recorded  for  Nevada.  The  only 
published  record  of  which  we  are  aware  is  that 
of  Alcorn  (1941:119)  when  he  collected  three 
specimens  in  November  at  Carson  Lake  Pasture 
near  Fallon.  We  know  of  no  previous  records 
for  southern  Nevada. 
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Pluvkilis  dominica  dominica  Miiller 
American  Golden  Plover 

Collection  records:  Two  specimens,  Septem- 
ber 14,  1961. 

Status:  The  occurrence  of  the  Golden  Plover 
at  the  Nevada  Test  Site  is  known  only  from  the 
two  specimens  collected.  The  birds  were  taken 
at  Frenchman  Flat  Playa.  \Ve  have  not  been 
able  to  find  any  other  published  record  of  this 
species  for  the  state  of  Nevada. 

On  the  basis  of  the  lesser  amount  of  yellow 
spotting  on  the  back  and  the  shorter  beaks  our 
specimens  definitely  belong  to  the  subspecies 
dominica. 

Squatarola  squutarola  (Linnaeus) 
Black-bellied  Plover 

Collection  records:    None. 
Status:    We  have  only  one  sight  record  for 
May  6,  1961, 

Capella  galliiuigo  delicata  (Ord) 
Common  Snipe 

Collection  records:  Four  specimens,  Octob- 
er 11,  I960;  March  25  and  October  9,  1961; 
March  28,  1962. 

Status:  The  Common  Snipe  is  a  rather  un- 
common spring  and  autumn  transient.  It  has 
been  recorded  in  the  area  from  March  17  to 
April  8  and  again  from  September  18  to  October 
25.  Observations  have  been  made  at  Cane 
Springs,  at  playa  lakes  and  around  the  well 
reservoirs. 

Actitis  macularia  (Linnaeus) 
Spotted  Sandpiper 

Collection  records:  Six  specimens.  May  2, 
23,  15  and  September  4,  1961;  May  11,  1962. 

Status:  Spotted  Sandpipers  migrate  in  fairly 
large  numbers  through  the  test  site  in  spring 
and  autumn,  especially  in  April  and  May.  There 
are  also  often  records  of  occurrence  in  summer 
when  they  may  be  seen  on  playas  or  around 
well  reservoirs. 


Two    specimens,    April 


Tringa  solitaria  cinnamomea  (Brewster) 
Solitary  Sandpiper 

Collection    records: 

23,  28,  1961. 

Status:  This  species  is  an  uncommon  spring 
and  autumn  transient  at  the  test  site.  SLx  records 
are  available  for  April  23  to  28  and  again  Aug- 
ust 11  to  27.  The  birds  were  seen  around 
playa  lakes. 


According  to  the  A.O.U.  Check-list  (1957) 
it  is  possible  that  either  the  races  solitaria  or 
ciniuimomea  could  occur  as  transients  in  Neva- 
da. Comparing  our  specimens  with  series  of 
both  races  in  the  U.S.  National  Museum  makes 
it  clear  that  they  tu-e  cinnamomea.  Late  sum- 
mer adults  of  cinnamomea  can  be  easily  dis- 
tinguished on  the  basis  of  the  buffy  rather  than 
white  spotting  on  the  back.  The  narrower  dark 
tail  bands  of  cinnamomea  in  comparison  witli 
the  wider  ones  of  solitaria  are  also  distinctive. 
The  wing  measurements  of  our  specimens  also 
fall  more  nearly  within  the  range  of  cinna- 
momea 

Totanus  melanoleticus  (Gmebn) 
Greater  Yellowlegs 

Collection  records:  Three  specimens,  March 
18  and  April  14,  1961. 

Status:  Fairly  common  spring  and  autumn 
transients  around  playa  lakes  and  well  reser- 
voirs. We  have  39  records  from  March  18  to 
May  and  again  from  August  to  October  9.  This 
species  is  much  more  common  in  the  area  than 
the   Lesser  Yellowlegs. 

Totanus  flavipes  (Gmelin) 
Lesser  Yellowlegs 

Collection  records:  Two  specimens,  August 
21  and  October  10,  1961. 

Status:  The  Lesser  Yellowlegs  is  an  uncom- 
mon transient  in  spring  and  fall.  We  have  five 
records  scattered  from  March  9  to  May  7  and 
again  from  August  21  to  October  10.  All  were 
seen  at  the  playa  lakes. 

Erolia  melaiwtos  (Vieillot) 
Pectoral  Sandpiper 

Collection  record:  One  specimen,  October 
3,  1961. 

Status:  A  rare  migrant  in  the  test  site  area. 
Only  the  one  specimen  collected  was  seen.  To 
our  knowledge  this  is  the  first  record  of  the 
Pectoral  Sandpiper  for  Nevada. 

Erolia  bairdii  (Coues) 
Baird's  Sandpiper 

CoUection  records:  Three  specimens,  April 
9,  August  12,  September  30,  1961. 

Status:  This  species  is  an  uncommon  spring 
and  autumn  transient.  We  have  a  total  of  9 
records  for  April  9  and  again  for  August  4  to 
October  6.  The  birds  were  seen  mostly  at  the 
playa  lakes  but  occasionally  at  the  well  res- 
ervoirs. 
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Erolia  mimitilki  (Vieillot) 
Least  Sandpiper 

Collection  records:  Twelve  specimens, 
March  18,  29,  April  7,  16,  22,  23,  October  26, 
1961. 

Status:  This  is  a  common  spring  and  autumn 
transient  species  in  the  test  site  area.  We  have 
records  of  its  occurrence  from  February  11  to 
October  3  except  for  June  and  September.  The 
largest  concentrations  are  in  April  and  May  at 
which  time  small  flocks  occur  at  the  plava 
lakes. 

Erolia  alpina  pacifica  (Coues) 
Dunlin 

Collection  records:  Two  specimens.  May  13 
and  October  10,  1961. 

Status:  The  Dunlin  or  Red-backed  Sandpiper 
is  a  rare  spring  and  autumn  migrant  at  the 
test  site  where  it  was  seen  and  collected  at  the 
playa  lakes.  In  addition  to  the  collection  records, 
we  have  a  sight  record  of  three  individuals  for 
April  1.  Linsdale  (1951)  cites  only  4  records 
for  Nevada,  all  of  which  are  for  the  northern  and 
central  parts  of  the  state. 


Limnodromus  scolopoceus  (Say) 
Long-billed  Dowitcher 


March 


Collection  records.    Four  specimens, 
26,  29,  April  15,  1961;  April  11,  1962. 

Status:  Long-billed  Dowitchers  appear  to  be 
uncommon  spring  and  autumm  migrants  when 
they  are  seen  at  the  playa  lakes  and  the  well 
reservoirs.  In  addition  to  the  birds  collected,  one 
was  seen  on  August  1,  1961. 

Micropalama  himantopus  (Bonaparte) 
Stilt  Sandpiper 

Collection  records:    None. 

Status:  Seven  birds  were  observed  at  one  of 
the  playa  lakes,  October  8,  1961.  Linsdale 
(1951)  indicates  only  one  other  record  for  Ne- 
vada by  Slipp  (1952:62)  between  Hazen  and 
Mahala,  July  30,  1939. 

Ereunetes  mmiri  Cabanis 
Western  Sandpiper 

Collection  records:  Ten  specimens,  April  15, 
22,  27,  23,  1961. 

Status:  The  Western  Sandpiper  is  perhaps 
the  most  common  of  the  small  transient  shore 
birds  to  visit  the  test  site  area.   We  have  num- 


erous records  from  April  15  into  May  and  again 
from  July  to  October  8.  It  was  found  exclusively 
around  the  playa  lakes. 

One  of  our  specimens  collected  on  April  22, 
1961,  has  an  exceptionally  short  bill,  placing  it 
well  within  the  range  of  E.  ptisilliis.  However, 
on  the  basis  of  the  distinctly  brown  back  and 
heavier  and  more  extensive  streaking  of  the  un- 
derparts,  we  have  placed  it  with  E.  mauri. 


Limosa  fcdoa  (Linnaeus) 
Marbled  Godwit 

Collection  record:  One  specimen,  July  20, 
1961. 

Status.  The  Marbled  Godwit  was  a  rare  vis- 
itor at  the  test  site  during  the  period  of  this 
study.  Only  the  one  specimen  collected  was  ob- 
served. Linsdale's  (1951)  summary  of  the  Ne- 
vada records  indicates  that  this  species  is  not 
common  in  the  state  although  it  is  a  consistent 
visitor. 

Himantopus  mexicanus  (Miiller) 
Black-necked  Stilt 

Collection  record:  One  specimen,  April  27, 
1961. 

Status:  This  species  is  an  uncommon  spring 
and  autumn  transient  around  the  playa  lakes. 
We  have  a  total  of  six  records  from  April  27 
through  May  and  again  on  September  16. 


Recurvirostra  americana  Gmelin 
American  Avocet 

Collection  records:  Two  specimens,  March 
29  and  August  5,  1961. 

Status:  Avocets  are  rather  common  spring 
and  autumn  transients  at  the  playas,  especially 
Yucca  Flat.  One  hundred  eighty  recordings 
were  made  for  this  species  from  March  7  into 
May  and  again  from  August  to  November  22. 


Steganopiis  tricolor  Vieillot 
Wilson's  Phalarope 

Collection  records:  Nine  specimens,  April 
29  and  30,  and  May  3,  4,  11,  1962;  May  5,  1962. 

Status:  A  fairly  common  transient  in  spring 
and  autumn  around  playa  lakes  and  well  res- 
ervoirs. We  have  a  total  of  44  records  from 
April  29  to  May  11  and  again  on  August  12.  By 
far  the  greater  number  of  recordings  are  for 
April  and  May. 
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Lobipes  lobatus  (Linnaeus) 
Northern  Phalarope 

Collection   records:     Three   specimens,    May 

14,  July  5  and  September  3,  1961. 

Status:  Northern  Phalaropes  are  rather  un- 
common spring  and  autumn  migrants  seen  at 
playa  lakes,  well  reservoirs,  and  occasionally  at 
Cane  Springs.  We  have  34  records  mostly  from 
May  14  to  May  22  and  from  September  3  to 
September  19. 

Lams  californicus  Lawrence 
California  Gull 

Collection  records.    None. 

Status.  The  California  Gull  is  a  somewhat 
common,  although  irregular  visitor  to  the  test 
site,  where  it  was  seen  on  the  playa  lakes  from 
March  7  into  April  and  again  in  October.  The 
species  was  far  more  common  in  tlie  spring 
than  in  autumn.  We  have  no  records  for  sum- 
mer or  winter. 

Lams  delawarensis  Ord 
Ring-billed  Gull 

Collection  record:  One  specimen,  March  12, 
1961. 

Status:  We  have  numerous  records  for  this 
gull  from  March  12  into  June  and  again  from 
September  to  November  15.  It  was  seen  on 
the  playa  lakes,  frequently  in  company  with  the 
California  Gull. 

Lams  Philadelphia  (Ord) 
Bonaparte's  Gull 

Collection  records:    Three  specimens,   April 

15,  May  3,  October  23,  1961. 

Status:  These  gulls  are  uncommon  spring 
and  autumn  migrants.  They  were  seen  at  Yucca 
Flat.  An  occurrence  at  Mead  Lake  was  reported 
by  Grater  (1939:30). 

Zenaidura  macroura  marginella  (Woodhouse) 
Mourning  Dove 

Collection  records:  Four  specimens,  May  21, 
22,  June  14,  29,  1961. 

Status:  Several  thousand  recordings  were 
made  for  tliis  species  from  April  2  to  November 
1.  Birds  were  most  abundant  in  April,  May  and 
June.  It  was  common  to  see  large  numbers,  es- 
timated to  be  as  many  as  5,000,  come  into  water 
sources  in  the  evening.  During  the  heat  of  the 
day  in  midsummer,  many  would  go  into  caves, 
particularly  at  Tippipah  Spring,  where  some 
would  die  or  become  incapacitated. 


Nests  were  most  commonly  found  in  Yucca 
trees  or  on  the  ground  in  the  Coleogtjne  com- 
munity. Nests  were  found  as  follows:  June  29 
with  week-old  young;  June  23  with  young;  June 
15  with  eggs. 

Geocovcijx  californiamis  (Lesson) 
Roadrunner 

Collection  records:  Three  specimens,  June 
15,  August  6,  October  12,  1961. 

Status:  Fairly  common  pennanent  residents 
in  die  area.  They  seemed  to  occur  most  com- 
monly in  Yucca,  Colcogijne  and  Larrea  com- 
munities, although  one  was  seen  on  the  mesa 
in  Pinyon-Juniper.  A  nest  containing  four  eggs 
was  found  in  an  old  abandoned  bomber  south 
of  Yucca  Flat.  It  was  built  in  the  engine  and 
contained  four  eggs  on  April  12,  1961. 

Bubo  virginianus  occidentalis  Stone 
Great  Homed  Owl 

Collection  record:  One  specimen,  November 
13,  1959. 

Status:  In  addition  to  the  specimen  collect- 
ed, one  sight  record  for  December  17  is  avail- 
able. The  species  seems  to  be  a  rare  winter 
visitor  at  the  test  site. 

Although  the  resident  race  of  the  Homed 
Owl  in  southern  Nevada  is  supposed  to  be 
pallescens  (A.O.U.  Check-list,  1957),  our  single 
specimen  is  much  closer  in  wing  length  ( 378mm ) 
and  coloration  to  occidentalis  when  compared 
with  specimens  from  central  Utah.  Gabrielson 
(1949)  recorded  a  specimen  that  he  referred  to 
the  subspecies  lagophonus  from  northern  Nye 
County  (Potts). 

Speotijto  cunicularia  hijpugaea  (Bonaparte) 
Burrowing  Owl 

Collection  records:  Three  specimens,  July  7, 
1961;  June  16  and  July  27,  1962. 

Status:  The  Burrowing  Owl  is  a  permanent 
resident  at  the  test  site.  It  has  been  noted  in 
the  Coleogtjne  and  Yucca  communities  and  is 
more  common  in  open  country  where  the  veg- 
etation is  not  in  a  dense  growth. 

Asio  otus  wilsonianus  (Lesson) 
Long-eared  Owl 

Collection  records:  Five  specimens,  Decem- 
ber 4,  1960;  January  25,  1960;  September  6, 
October  7  and  January  30,  1961. 

Status:  We  have  a  total  of  10  records  of  this 
owl  from  September  6  to  March  31.   There  are 
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no  observations  for  April  through  August,  in- 
dicating that  it  may  be  a  winter  visitor  only. 
However,  more  careful  investigation  may  show 
that  it  breeds  in  the  Pinyon-Juniper  community 
or  in  scrub  oak.  Specimens  that  have  been  ob- 
served were  found  mostly  in  the  scrub  oak  of 
the  small  canyons  and  also  at  Cane  Springs. 

Asio  fhmmeus  ( Pontoppidan ) 
Short-eared  Owl 

Collection  records:  One  specimen,  April  11, 
1961. 

Status:  This  owl  is  an  uncommon  visitor  at 
the  test  site.  Besides  the  collection  record  we 
have  one  sight  record  for  February  13.  Birds 
were  seen  in  the  Coleogyne  community. 

Phalaenoptilus  mtftaUii  nuttalUi  (Audubon) 
Poor-will 

Collection  records:  Two  specimens,  July  20, 
1961. 

Status:  The  Poor-will  is  a  rather  common 
summer  lesident  on  the  mesas  and  in  small  can- 
yons adjacent  to  them.  There  are  no  records  for 
the  low  desert  communities. 


Chordeiles  minor  hespeiis  Grinnell 
Common  Nighthawk 

Collection  records:  Two  specimens,  June  16 
and  July  20,   1962. 

Status:  Judging  from  confirmed  records 
available  the  Common  Nighthawk  is  rather  rare 
in  the  test  site  area.  However,  it  may  occur 
more  frequently  than  we  know  in  flocks  of  the 
much  more  abundant  Lesser  Nighthawk,  which 
feed  commonly  over  the  well  reservoirs  and 
playa  lakes  during  the  summer. 

The  two  specimens  collected  are  nearly  iden- 
tical with  examples  of  the  subspecies  hesperis 
from  the  Great  Basin  in  Utah  and  are  undoubt- 
edly of  that  race. 

Chordeiles  acutipennis  tcxcnsis  Lawrence 
Lesser  Nighthawk 

Collection  records:  Eighteen  specimens, 
July  7,  10,  28,  29,  I960;  May  20,  June  18,  July 
1,  1961. 

Status:  The  Lesser  Nighthawk  is  a  common 
summer  resident  at  the  test  site,  where  it  is 
most  frequently  seen  feeding  over  well  reser- 
voirs and  playa  lakes  in  the  evening.  Birds  have 
been  recorded  from   June   18  to  August  8  but 


are  most  abundant  in  June  and  July.  We  have 
no  information  on  the  daytime  habits  of  this 
species  in  the  area. 


Aeronautes  saxatalis  saxatalis  (Woodhouse) 
White-throated  Swift 

Collection  records:  Two  specimens,  August 
1,  1960. 

Status:  We  have  27  sight  records  from  April 
to  August  1,  with  the  greatest  number  being 
seen  in  May.  Birds  are  fairly  common  on  the 
mesas  and  high  ridges,  but  rarely  occur  over 
the  lower  open  deserts. 

Ccdijpte  costae  (Bourcier) 
Costa's  Hummingbird 

Collection  records:    Seven  specimens,  March 

22,  April  15,  May  13,  June  12,  15,  1961;  July 

23,  1962. 

Status:  Costa's  Hummingbird  is  the  most 
common  hummer  in  the  area.  There  are  num- 
erous records  extending  from  March  22  to  July 
23.  The  birds  are  most  often  encountered  around 
the  springs,  particularly  Cane  Springs  and  Tip- 
pipah  Spring.  On  April  28,  1962,  a  nest  contain- 
ing two  eggs  was  located  in  an  Atriplex  cane- 
scens  bush  on  a  steep  bank  at  Cane  Springs. 


Selasphorus  platijcercus  (Swainson) 
Broad-tailed  Hummingbird 

Collection  records:    None. 

Status:  We  have  only  2  sight  records  for  this 
species.  It  was  observed  at  Cane  Springs,  Sep- 
tember 8,  1961. 


Sclasphorus  rufits  (Gmelin) 
Rufous  Hummingbird 

Collection  records:  Two  specimens,  July  23, 
1962. 

Status:  Only  the  two  collection  records  noted 
above  are  available.  The  birds  were  taken  in 
a  burned  Pinyon-Juniper  area  where  they  were 
feeding  at  blossoms  of  Pentstenion  and  Gilea. 


Megaccryle  alajon  caurina  (Grinnell) 
Belted  Kingfisher 

Collection  records:    None. 
Status:    Two   sight   records    were   made    on 
April  6  and  April  20,  1961. 
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Colaptes  cafer  collaris  Vigors 
Red-shafted  Flicker 

Collection  records:  Four  specimens,  Octob- 
er 24,  1960;  October  7,  20,  1961;  April  13,  1962. 

Status:  The  Red-shafted  Flicker  was  record- 
ed for  every  month  of  the  year  e.xcept  January. 
It  is  regarded  as  a  permanent  resident  in  Pin- 
yon-Juniper  on  the  mesas.  It  was  also  frequent- 
ly seen  perching  on  utility  poles  along  the  road- 
ways and  at  Cane  Springs. 


Asi/ndes-tnus  lewis  (Cray) 
Lewis'  Woodpecker 

Collection  records:  Two  specimens.  May  1, 
1961;  May  6,  1962. 

Status:  This  species  is  presently  known  only 
as  a  spring  and  early  summer  transient.  It  has 
been  recorded  from  May  1  to  June  29.  It  was 
noted  at  Cane  Springs  and  in  the  Pinyon-Juni- 
per  on  the  mesas. 


Sphijrapicm  variiis  nuchalis  Baird 
Yellow-bellied  Sapsucker 

Collection  records:  Five  specimens,  June  23, 
I960;  September  28,  29,  October  4,  1961. 

Status:  This  sapsucker  appears  to  be  a  spring 
and  fall  transient  although  further  field  work 
may  reveal  that  it  nests  in  the  Pinyon-Juniper 
of  the  mesas.  Most  of  our  observations  have 
been  made  in  the  autumn  at  Cane  Springs, 
where  the  birds  stop  for  brief  periods. 


Dendrocopos  viUosiis  (Linnaeus) 
Hairy  Woodpecker 

Collection  records:  Two  specimens,  Novem- 
ber 14  and  January  29,  1961. 

Status:  Hairy  Woodpeckers  are  permanent 
residents  in  the  Pinyon-Juniper  community  of 
the  mesas.  They  have  been  noted  from  March 
through  August  and  again  in  November  and 
January.  They  have  been  noted  only  in  the  Pin- 
yor -Juniper  community  of  the  mesas. 

There  are  insufficient  data  to  indicate  the 
breeding  subspecies  in  the  test  site  area.  Lins- 
dale  (1951,  p.  237)  states  that  leucothorectis  is 
resident  in  the  southern  part  of  Nevada  at  high- 
er elevations.  Of  our  two  specimens,  one  is  clear- 
ly leucotlioiectis.  The  other  has  a  wing  mea- 
surement (134  mm)  that  falls  within  the  range 
of  monticoki  however,  it  lacks  the  white  spots 
on  the  wing  coverts  and  the  bill  is  shorter  than 


in  typical  moniicola.  It  is  possible  that  this  in- 
dividual is  intermediate  between  the  two  races 
and  has  drifted  farther  south  in  the  winter. 


Dendrocopos  seahiris  cactophiliis  (Oberholser) 
Ladder-backed  Woodpecker 

Collection  records:  Four  specimens,  June 
12,  1961;  July  23  and  August  3,  1960. 

Status:  This  woodpecker  is  an  uncommon 
spring  and  summer  resident  in  Yucca  and  Cole- 
ogyne  communities  and  occasionally  in  oakbrush 
at  the  base  of  the  mesas.  We  have  recorded  it 
from  March  18  to  August  3. 

Tijrannus  verticalis  Say 
Western  Kingbird 

Collection  records:  Seven  specimens,  April 
12,  24,  May  7,  June  12,  14,  15,  1961. 

Status:  We  have  more  than  200  records  of 
the  Western  Kingbird  from  April  12  to  Septem- 
ber 11.  They  are  common  summer  residents  in 
tlie  Yiicca-Coleogyne  conmiiinity  and  occasion- 
ally are  found  on  the  mesas  in  Pinyon-Juniper. 
In  the  latter  area  a  nest  was  found  May  27, 
1962,  about  12  feet  up  from  the  ground  in  a 
dead  pinyon. 

Tijrannus  vociferans  Swainson 
Cassin's  Kingbird 

Collection  records:  Eight  specimens,  May  7, 
June  27,  July  2,  1961;  July  20,  24,  1962. 

Status:  Records  of  Cassin's  Kingbird  from 
Nevada  seem  to  be  rather  few.  Grater  (1939: 
221)  reported  two  individuals  at  Saint  Thomas, 
June  28,  1938.  We  found  the  species  to  be  a 
fairly  common  summer  resident  in  brushy  can- 
yons and  in  the  Pinyon-Juniper.  Besides  the 
collection  records  indicated  above,  we  have  42 
sight  records  between  May  6  and  August  22. 
Young  birds  were  found  in  the  Pinyon-Juniper 
on  July  20. 

Mijkirchiis  cinerascens  cinerascens  (Lawrence) 
Ash-throated  Flycatcher 

Collection  records:  Four  specimens,  May  27, 
1960;  April  29,  May  7,  26,  1961. 

Status:  This  species  was  a  common  summer 
resident  in  a  small  canyon  in  oakbrush  and  in 
the  Pinyon-Juniper  on  the  mesas.  A  few  were 
also  seen  at  Cane  Springs.  The  records  extend 
from  April  6  to  August  24  but  the  birds  were 
most  common  in  May  and  June. 
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Sayoinis  nigricans  semiatra  (Vigors) 
Black  Phoebe 

Collection  records:  Four  specimens,  July  28, 
I960;  May  28,  August  9,  1961. 

Status:  Black  Phoebes  are  uncommon  sum- 
mer residents  around  the  wells  and  at  Cane 
Springs.  Our  records  e.xtend  from  March  31  into 
May  and  again  in  July  and  August. 

Sayornis  say  a  saya  (Bonaparte) 
Say's  Phoebe 

Collection  records:    Eleven  specimens,  July 

27,  I960;  May  10,  24,  February  7,  April  14,  June 
2,  15,  1961;  March  13,  1962. 

Status:  This  phoebe  is  a  very  common  resi- 
dent in  all  types  of  communities  at  the  test  site. 
We  have  records  for  every  month  of  the  year 
e.xcept  October  and  December.  It  is  likely  that 
some  individuals  remain  in  the  area  as  perman- 
ent residents  although  we  have  found  them  to 
be  more  common  in  March  through  June.  A 
nest  containing  4  fresh  eggs  was  found  at  Mid 
Valley,  May  27,  1961,  on  a  ledge  about  5  feet 
up.  An  old  nest  was  also  found  at  Cane  Springs 
and  another  in  a  cave  at  Tippipah  Spring  on 
July  27,  1962. 

Empidonax  hammondii  (Xantus) 
Hammond's  Flycatcher 

Collection  records:  Three  specimens,  April 
30,  May  21,   1961;   Vlay  13,  1962. 

Status:  Owing  to  the  difficulty  in  making 
sight  identifications  of  the  Empidonax  flycatch- 
ers the  status  of  this  species  in  the  area  is 
somewhat  in  doubt.  However,  it  is  believed 
to  be  a  fairly  common  summer  resident  in  the 
Pinyon-Juniper  and  Oakbrush   communities. 

Empidonax  oberholseri  Philhps 
Dusky  Flycatcher 

Collection  records:  Nine  specimens,  April 
30,  May  7,  11  ,13,  23,  June  4,  1961;  April  28, 
May  6,  1962. 

Status:  The  Dusky  Flycatcher  is  at  present 
known  only  as  a  spring  transient  through  the 
test  site  area. 

Empidonax  wrightii  Baird 
Gray  Flycatcher 

Collection  records:  Fourteen  specimens, 
April  29,  May  2,  7,  13,  24,  26,  July  2,  1961;  April 

28,  June  5,  1962. 

Status:    It  is  likely  that  the  Gray  Flycatcher 


is  a  summer  resident  in  the  Pinyon-Juniper  and 
Oakbrush  communities  of  the  mesas  and  small 
canyons.  Since  E.  oberJiolseri  and  E.  wrightii 
are  difficult  to  separate  in  the  field,  we  have 
not  attempted  to  record  sight  data. 


Contopus  sordididiis  veliei  Coues 
Western  Wood  Pewee 

Collection  records:  Twelve  specimens,  July 
27,  I960;  May  11,  20,  23,  24,  26,  June  2,  4,  16, 
1961;  May  5,  1962. 

Status:  The  Wood  Pewee  is  a  common  mi- 
grant in  May  and  is  resident  in  summer  in  oak- 
brush of  the  small  canyons  and  in  the  Pinyon- 
Juniper  of  the  mesas.  Records  are  available 
from  May  5  to  September  7.  During  the  peak 
of  migration  in  May  these  birds  are  occasionally 
seen  in  the  Yucca-Coleogyne  community  of  the 
lower  deserts. 

Nidtalhrnis  borealis  (Swainson) 
Olive-sided  Flycatcher 

Collection  records:  Four  specimens,  May  24, 
26,  June  2,  September  18,  1961. 

Status:  The  Olive-sided  Flycatcher  is  a  rath- 
er uncommon  migrant  at  the  test  site  in  spring 
and  autumn.  The  earliest  record  is  for  May  24 
and  tlie  latest  September  18.  There  are  no  rec- 
ords for  July  but  12  recordings  were  made  for 
late  August.  Birds  were  seen  in  the  Pinyon- 
Juniper  of  the  mesas  and  in  oakbrush  of  the 
small  canyons. 

Pi/rocephahis  rtibinus  flammeus  van  Rossem 
Vermilion  Flycatcher 

Collection  record:  One  specimen,  July  22, 
1962. 

Status:  Only  the  one  record  of  tlie  speci- 
men collected  is  available.  The  collection  was 
made  in  Pinyon-Juniper  on  the  east  rim  of 
the  mesas. 

Eremophihi  alpestris  (Linnaeus) 
Horned  Lark 

Collection  records:  Twenty-five  specimens, 
January  28,  June  9,  July  27,  December  2,  9,  1960; 
Januarv  3,  28,  February  24,  April  22,  May  20, 
July  1,'  1961;  March  18,  July  16,  1962. 

Status:  The  Horned  Lark  is  a  permanent 
resident  in  all  of  the  lowland  desert  commun- 
ities. Although  it  has  been  recorded  for  every 
month  of  the  year,  it  is  most  abundant  in  large 
flocks  from  October  through  March.  In  summer, 
large    concentrations    of    the    birds    were    seen 
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around  well  reservoirs  in  tlie  evening  when  they 
came  in  to  drink.  Young  birds  were  frccjuently 
caught  in  mammal  traps  in  the  Atriplex  confeiii- 
folia  communit)',  wliich  seems  to  be  their  pre- 
ferred nesting  habitat. 

The  subspecific  status  of  the  homed  lark 
population  at  the  Nevada  Test  Site  is  of  con- 
siderable interest.  From  the  information  at  hand 
it  seems  rather  clear  that  neither  the  wintering 
nor  breeding  birds  are  of  the  race  utaliensis, 
which  is  supposedly  the  breeding  subspecies  of 
the  eastern  Greiit  Basin.  Both  young  and  adult 
test  site  specimens  are  on  the  whole  decidedly 
lighter,  less  grayish  and  brighter  on  the  upper 
parts  than  Great  Basin  specimens.  Only  one  of 
our  specimens  approaches  characteristic  utalien- 
sis. Most  of  our  wintering  specimens  appear  to 
be  identical  with  the  race  leticolaema  from  east- 
ern Utah.  Our  breeding  specimens  are  rather 
paler  than  the  latter  race  and  are  temporarily  as- 
signed to  the  race  ammophihi,  the  breeding 
range  of  which  includes  southwestern  Nevada 
(A.O.U.  Check-list,  1957,  p.  357). 

Tachyciiieta  thallassina  lepidu  Mearns 
Violet-green  Swallow 

Collection  records:  Five  specimens,  April  2, 
June  30,  1961;  May  12,  1962. 

Status:  This  species  is  fairly  common  at  the 
test  site  in  spring  and  summer.  We  have  record- 
ed it  from  March  11  to  August  8,  when  it  is 
most  often  seen  feeding  over  water  at  playa  lakes 
and  reservoirs.  The  birds  were  also  occasion- 
ally seen  in  the  Pinyon-Juniper  in  July,  and 
there  is  a  possibility  that  they  nest  there. 

Iridopwcne  bicolor  (Vieillot) 
Tree  Swallow 

Collection  records:  Two  specimens,  April  2, 
23,  1961. 

Status:  The  Tree  Swallow  is  an  uncommon 
spring  transient  through  the  test  site,  where  it 
was  seen  feeding  over  and  near  open  water.  We 
have  18  records  from  March  28  to  April  25. 

Riparia  riparia  riparia  (Linnaeus) 
Bank  Swallow 

Collection  records:  One  specimen,  May  13, 
1961. 

Status:  The  Bank  Swallow  is  an  uncommon 
spring  transient  and  summer  visitor.  We  have 
18  lecords  made  on  May  12  and  13  and  on  July 
30.  It  was  observed  feeding  over  and  near  open 
water. 


Stclgicloptcnjx  nificolli.s  senipcnnis  (Audubon) 
Rough-winged  Swallow 

Collection  record:  One  specimen,  April  12, 
1961. 

Status:  We  have  14  records  of  this  species, 
all  in  spring,  from  March  8  to  May  11.  They 
were  seen  feeding  near  and  over  open  water. 


Hiritndo  rustica  cnjthrogaster  Boddaert 
Barn  Swallow 

Collection  records:    None. 

Status:  The  Barn  Swallow  is  an  uncommon 
spring  and  autumn  transient  at  the  test  site. 
We  have  a  total  of  17  sight  records  from  April 
22  to  June  6  and  again  from  September  10  to 
October  7.  The  birds  were  seen  around  open 
water. 

Petrochelidon  pijrrhonoia  (Vieillot) 
Cliff  Swallow 

Collection  records:    None. 

Status:  Twelve  sight  records  are  available 
from  April  23  to  May  24  and  again  on  August 
9.  We  have  no  records  for  June  and  July.  Lack- 
ing specimens  we  have  not  been  able  to  deter- 
mine the  subspecific  status  although  on  the 
basis  of  known  distribution  it  could  be  either  P. 
p.  pyrrhonota  or  P.  p.  hijpopolia. 


Cyanocitta  stelleri  (Gmelin) 
Steller's  Jay 

Collection  records:    None. 

Status:  Steller's  Jay  appears  to  be  an  un- 
common resident  of  the  Pinyon-Juniper  and 
Oakbrush  communities.  We  have  8  sight  records 
for  August  22  and  23  and  October  25.  Owing 
to  the  lack  of  specimens  we  have  been  unable 
to  determine  the  subspecific  status  of  the  res- 
ident population. 

Aphelocoma  coerulescens  nevadae  Pitelka 
Scrub  Jay 

Collection  records:  Four  specimens,  August 
1,  1960;  March  16,  May  14,  July  2,  1961. 

Status:  The  Scrub  Jay  is  a  rather  common 
resident  in  the  Pinyon-Juniper  and  oakbrush 
communities.  We  have  recorded  it  from  Feb- 
ruary 22  to  October  10,  with  the  greatest  num- 
ber of  records  being  in  May.  We  have  no  rec- 
ords as  yet  for  the  months  of  November,  De- 
cember and  January. 
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Pica  picii  hiul.soiiia  (Sabine) 
BlaLk-l)illcd  Magpie 

Collection  records:    None. 
Status:     W'c   liave   only   oiie   sight   record    of 
the  magpie  for  December  5,   1961. 


Curvti.'i  corux  siniuitus  Wagler 
Common  Ra\en 

Collection  records:  Five  specimens,  Novem- 
ber 13,  December  15,  1959;  August  31,  Octob- 
er 14,  1960;  April  21,  1961. 

Status:  Ravens  are  consistent  residents  of 
the  test  site  and  have  been  recorded  for  every 
month  of  the  year.  They  are  most  often  seen 
in  pairs  along  the  roadways,  but  they  have  also 
been  noted  on  the  mesas  and  around  springs. 
On  June  1,  1961,  two  nesting  sites  were  located 
on  cliffs  bordering  the  mesa;  however,  it  was 
not  possible  to  reach  the  nests  for  close  obser- 
vation. 

Corviis  brachi/iliiinchos  hcspcris  Ridgway 
Common  Crow 

Collection  records:    None. 

Status:  The  Common  Crow  is  an  uncommon 
winter  visitor  to  the  test  site.  Four  records  are 
available  from  November  5  to  December  6.  The 
birds  were  seen  on  the  mesa  and  also  near  the 
town  of  Mercury. 


I'tinis  iiainhvU  inijocnsis  (Ciriniiell) 
.Moiuitain  Chickadee 

Collection  records:  Sevi-n  specimens,  July 
3,  1960;  .March  31,  April  15,  June  16,  July  2,  1961. 

Status:  Mountain  C^liickadees  appear  to  be 
permanent  residents  in  the  Pinyon-Juniper  com- 
munity. We  have  records  of  them  for  every 
montli  of  the  year  except  January,  but  they 
were  most  commonly  seen  in  April  through  July. 

Pantfi  'uwrnatu.s  lid^wayi  Richmond 
Plain  Titmouse 

Collection  records:  Two  specimens,  March 
5  and  June  29,  1961. 

Status:  VVe  have  rather  few  records  of  this 
species  in  comparison  with  the  Mountain  Chica- 
dee.  We  have  recorded  it  from  March  5  to 
June  29  in  the  Pinyon-Juniper  community  of 
the  mesas. 

Psalfripanis  iiiiniiiiiis  plitinbcus  (Baiid) 
Common  Bushtit 

Collection  records:  Five  specimens,  April  16, 
May  24,  June  16,  October  8,  1961. 

Status:  This  bushtit  is  a  common  resident 
at  the  test  site  throughout  most  of  the  year.  We 
have  records  for  every  month  except  September, 
November,  January,  and  February.  It  is  found 
both  in  Pinyon-Jimiper  and  in  the  Giayia-Ly- 
ciiim  communit)'.  Young  of  this  species  were 
frequently  observed. 


G(/iiinoiliinus  ci/anoccphahi  Wied 
Piiion  Jay 

Collection  records:  Four  specimens,  July 
31,  August  1,  1960;  July  7,  1961. 

Status:  This  jay  is  a  fairly  common  resident 
of  the  Pinyon-Juniper  on  the  mesas  and  in  can- 
yons bordering  the  mesas.  Our  records  extend 
from  April  9  to  December  11,  although  it  is 
likely  that  the  birds  also  occur  during  the  mid- 
winter months.  Most  of  our  records  are  for  April 
through  August. 


Niicifni^u  ci>ltinil)i(ina  (Wilson) 
CMark's  Nutcracker 

Collection  records:  Two  specimens,  Septem- 
ber 28,   1961. 

Status:  This  species  has  been  observed  un- 
commonlv  in  the  PiuNon-Juniper  community. 
We  have  only  autumn  records  from  September 
28  to  October  20. 


Sitta  ciiroliitoi.si.-i  tciiuissinia  Grinnell 
White-breasted  Nutliatch 

Collection  records:  One  specimen,  Mav  13, 
1961. 

Status:  The  White-breasted  Nuthatch  seems 
to  be  rare  in  the  Pinyon-Juniper  community.  In 
addition  to  the  specimen  collected,  we  have  one 
other  sight  record  for  Mav  14. 

Truglodijtcs  acdon  parkmanii  Audubon 
House  Wren 

Collection  records:    None. 

Status:  The  status  of  the  House  Wren  for 
the  Nevada  Test  Site  is  known  only  from  two 
sight  records,  April  29  and  August  20,  1961. 

Tliii/Diiuiucs  hcuukii  cicnuiphilus  Oberholser 
Bewick's  \Vren 

Collection  recoi-ds:  Four  specimens,  June 
27,  July  30,  August  20,  December  5,  1961. 
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Status:  This  wren  is  fairly  common  in  Pin- 
yon-Juniper  on  the  mesas  from  April  15  to  Aug- 
ust 20.  It  is  likely  that  some  individuals  remain 
all  winter  since  we  have  records  for  December. 


Caniphlorhynchus  brunneicapillum  couesi 

Sharpe 

Cactus  ^^'ren 

Collection  records:  Five  specimens,  January 
5,  1962  and  July  23,  25,  1962. 

Status:  The  Cactus  Wren  seems  to  be  con- 
fined exclusively  to  communities  where  the  yuc- 
ca is  present.  In  addition  to  the  five  specimens 
collected  we  have  eight  sight  records  for  Jan- 
uary 3,  1962.  The  specimens  collected  in  July 
were  young  birds  of  the  year.  Apparently  the 
species  is  confined  to  the  Yucca  and  Yucca- 
Coleogyne  communities. 

Cistothorus  pahtstris  acstuarinus  Swarth 
Long-billed  Marsh  Wren 

Collection  records:  Two  specimens,  March 
31  and  September  29,  1961. 

Status:  The  Marsh  Wren  is  an  uncommon 
spring  and  autumn  transient  at  the  test  site. 
It   was   seen   around   the   well   reservoirs. 

The  two  specimens  collected  were  placed 
in  the  subspecies  aestuarinus  rather  than  plesius 
in  the  basis  of  their  shorter  beaks.  One  of  the 
specimens  has  the  typical  dark  crown  of  aestuar- 
inus, but  neither  of  tliem  is  as  richly  chestnut  on 
the  back  as  aestuarinus. 


Salpinctes  ohsoletus  obsoletus  (Say) 
Rock  Wren 

Collection  records:  Seven  specimens,  April 
16,  May  5,  June  16,  July  24,  August  24,  1961. 

Status:  Rock  Wrens  are  permanent  residents 
in  rocky  situations  in  the  Pinyon-Juniper  and 
around  the  mesas.  We  have  recorded  them  for 
every  month  of  the  year  except  February  and 
September.  However,  they  are  more  common- 
ly seen  in  March  through  June. 

Mimus  pohjglottos  leucopterus  (Vigors) 
Mockingbird 

Collection  records:  Two  specimens,  April  15, 
June  15,  1961. 

Status:  The  Mockingbird  has  been  recorded 
in  the  area  from  April  2  to  August  15,  with  the 
greatest  number  of  recordings  in  May  and  June. 
It  is  seen  most  often  in  the  Yucca  habitat  but 


is  also  found  in  the  small  canyons  around  the 
borders  of  the  mesas. 


Dumetella  carolinetisis  (Linnaeus) 
Catbird 

Collection  records:  One  specimen,  June  6, 
1961. 

Status:  This  species  seems  to  be  rare  at  the 
test  site  and  has  been  reported  only  a  few  times 
for  the  state  of  Nevada.  Linsdale  (1951)  cites 
only  two  records.  The  one  specimen  obtained 
by  us  was  taken  at  Cane  Springs  and  was  prob- 
ablv  a  transient  bird. 


Toxostoma  lecontei  lecontei  Lawrence 
Le  Conte's  Thrasher 

Collection  records:  Eleven  specimens,  De- 
cember 18,  1959;  February  12,  August  17,  De- 
cember 3,  I960;  May  2,  3,  4,  June  1,  29,  July 
10,  1961;  February  12,  1962. 

Status:  We  have  records  of  this  thrasher  for 
every  month  of  the  year.  Most  of  the  records 
are  for  June.  In  winter  they  seem  to  move 
about  in  small  flocks  in  a  nomadic  fashion.  They 
appear  to  be  equally  at  home  in  all  of  the  types 
of  desert  communities  but  were  never  seen  on 
the  higher  mesas. 

Oreoscoptes  montanus  (Townsend) 
Sage  Tlirasher 

Collection  records:  Nine  specimens,  March 
5,  22,  April  12,  May  20,  21,  September  14,  1961; 
January  16,  1962. 

Status:  A  few  sage  thrashers  apparently  win- 
ter in  the  test  site  area,  but  they  are  more  com- 
monly seen  in  early  spring  (March  and  April). 
There  is  some  evidence  of  nesting.  The  pre- 
ferred habitat  seems  to  be  Grayia-Ltjicum  and 
Larrea,  but  they  also  occur  in  sage  and  in  Pin- 
yon-Juniper. 

Turdus  niigratorius  propinquus  Ridgway 
Robin 

Collection  records:  Four  specimens,  Octob- 
er 19,  I960;  May  24,  26,  1961;  January  1,  Feb- 
ruary 27,  1962. 

Status:  Robins  were  recorded  in  the  area 
from  January  1  to  July  2  and  again  from  Octob- 
er to  November  14.  Although  a  few  birds  win- 
ter at  the  test  site,  they  are  more  common  as 
spring  and  autumn  migrants.  Most  of  the  rec- 
ords were  for  Cane  Springs  and  the  mesa. 
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Hylocichla  guttata  oromela  Oberholser 
Hermit  Tlirush 

Collection  records:  Five  specimens,  Ajiril  29, 
October  12,  1961;  April  28,  May  5,  1962. 

Status:  The  Hermit  Thrush  is  known  only  as 
a  spring  and  autumn  transient  through  the  test 
site  area.  The  earliest  record  is  for  April  28 
and  the  latest  October  20. 

All  our  specimens  were  identified  by  Dr. 
John  W.  Aldrich  as  belonging  to  the  race  oro- 
mela. This  race  was  not  recognized  in  the 
A.O.U.  checklist  ( 1957)  and  was  not  included  by 
Linsdale  ( 1951 )  in  his  list  of  Nevada  birds. 

Hylocichla  ustulata  tistidata  (Nuttall) 
Swainson's  Thrush 

Collection  records:  Two  specimens,  June  6, 
1961;  May  12,  1962. 

Status:  Swainson's  Thrush  is  at  present 
known  only  as  a  spring  transient.  Specimens 
were  collected  at  Cane  Springs  and  Tippipah 
Spring. 

On  the  basis  of  the  distinct  olive  brown  rath- 
er than  the  olive  or  more  grayish  upper  parts 
our  two  specimens  are  definitely  of  die  race 
ustulata  rather  than  swaimoni.  Compared  with 
swainsoni  our  specimens  also  have  brighter  and 
more  buffy  throats  and  upper  breasts  and  their 
under  tail  coverts  are  decidedly  buffy  ratlier 
than  whitish.  In  his  list  of  Nevada  birds  Lins- 
dale ( 1951 )  hsts  only  the  races  sivainsoni  and 
almae  from  the  state.  Tlie  latter  subspecies  is 
now  considered  to  be  a  synonym  of  swaimoni 
(A.O.U.  Check-hst,  1957).'  Our  record  of  ustu- 
lata may  therefore  be  considered  as  an  addi- 
tional subspecies  for  Nevada. 

Sialia  mexicana  bairdi  Ridgway 
Western  Bluebird 

Collection  record:  One  specimen.  May  21, 
1961. 

Status:  This  species  is  an  uncommon  bird 
found  thus  far  only  in  the  Pinyon-Juniper  of 
the  mesas.  We  have  only  16  records  from  March 
31  to  May  21  and  again  in  November. 

Sialia  cunucoidcs  (Bechstein) 
Mountain  Bluebird 

Collection  records:  Si.x  specimens,  March  16, 
April  26,  27,  xVIay  23,  1961;  June  14,  1962. 

Status:  We  have  many  records  of  the  Moun- 
tain Bluebird  from  November  to  July  2.  They 
were  most  abundant  in  March  through  May.  In 


winter  they  were  seen  in  the  lower  deserts  along 
the  roadways,  but  in  spring  they  were  more 
common  in  the  Pinyon-Juniper  of  the  mesas.  We 
have  no  positive  record  of  their  nesting  and  no 
observation  records  for  August  through  Octob- 
er. 

Mijadestes  townsendi  townsemli  (Audubon) 
Townsend's  Solitaire 

Collection  records:  Four  specimens,  October 
5,  1959;  April  23,  24,  September  28,  1961. 

Status:  Solitaires  are  considered  to  be  spring 
and  autumn  migrants  through  the  test  site  area. 
We  have  records  from  April  23  to  June  and  from 
September  to  October  25.  Birds  have  been  noted 
only  in  the  Pinyon-Juniper  of  the  mesas. 

Polioptih  caerulea  amoenissitna  Grinnell 
Blue-gray  Gnatcatcher 

Collection  records.  Six  specimens,  April  25, 
30,  June  16,  July  2,  1961;  April  1,  1962. 

Status:  This  gnatcatcher  is  a  common  spring 
and  summer  resident.  Our  records  extend  from 
April  14  to  September  8,  although  the  birds  are 
most  abundant  in  April  and  May.  Their  usual 
habitat  is  the  Pinyon-Juniper  of  the  mesas  or 
the  oakbrush  of  the  bordering  slopes  and  can- 
yons.   A  few  were  also  noted  at  Cane  Springs. 

Regidus  calendula  cineaccus  Grinnell 
Ruby-crowned  Kinglet 

Collection  records:  Four  specimens,  April  9, 
24,  30,  October  28,  1961. 

Status:  Our  records  of  the  Ruby-crowned 
Kinglet  extend  from  October  5  to  May  7  with 
most  of  the  records  in  April.  The  bird  is  con- 
sidered to  be  an  uncommon  winter  resident  and 
a  common  spring  and  autumn  migrant.  Most 
of  the  records  are  for  Cane  Springs. 

Anthiis  spinoletta  (Linnaeus) 
Water  Pipit 

Collection  records:  Ten  specimens,  April  7, 
16,  March  30,  Mav  13,  September  29,  October  8, 
November  1,  196i;  January  26,  1962. 

Status:  Pipits  are  common  spring  and  au- 
tumn migrants  in  the  area  and  a  few  remain 
throughout  the  winter.  The  periods  of  most 
common  occurrence  are  from  March  into  May 
and  from  September  through  November.  They 
are  seen  near  the  playa  lakes  and  around  the 
well  reservoirs. 

The  subspecific  composition  of  tlie  test  site 
population  based  upon  the  ten  specimens  avail- 
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able  to  us  seems  to  consist  of  both  A.  s.  alticoUi 
and  A.  s.  pacificus.  Seven  out  of  the  10  seem  to 
be  alticola  and  the  remaining  3  are  placed  in 
pacificus.  However,  it  seems  difficult  to  sep- 
arate these  t\vo  in  the  nonbreeding  plumage. 
Tlie  three  specimens  assigned  to  pacificus  were 
taken  in  late  fall  and  winter;  all  of  those  save 
one  that  lu-e  placed  in  alticola  were  collected  in 
the  spring.  The  underparts  of  alticola  are  some- 
what brighter  buff  and  the  sheaks  on  the  breast 
and  flanks  are  less  extensive  and  individually 
paler  and  narrower.  Judging  from  specimens  of 
alticola  taken  in  northern  Utah  in  the  autumn 
there  is  a  tendency  for  the  streaks  to  be  larger, 
darker,  and  more  extensively  distributed  at  that 
season  and  to  gradually  wear  away  during  the 
winter.  However,  the  bright  buffy  ground  color 
of  the  undeqiarts  seems  to  remain  fairly  constant 
toward  spring.  There  is  still  a  possibility  that 
die  three  specimens  called  pacificus  are  actually 
young  alticola  that  have  not  yet  had  the  streak- 
ing reduced;  however,  the  fact  that  the  ground 
color  of  the  underparts  is  paler  has  indicated 
that  they  are  closer  to  pacificus.  Linsdale  ( 1951 ) 
has  indicated  that  pacificus  is  the  wintering  sub- 
species in  Nevada. 

BombyciUa  cedrorum  Vieillot 
Cedar  Waxwing 

Collection  records:  SLx  specimens,  March  16, 
October  23,  1961;  May  13,  June  5,  1962. 

Status:  We  have  a  total  of  sixteen  records 
from  March  16  to  October  23,  with  most  of 
them  in  May  and  June.  This  wa.xwing  seems 
to  be  an  irregular  visitor  at  Cane  Springs,  Tip- 
pipah  Spring,  and  on  the  mesa. 

Phaiuopcpla  nitens  lepicla  Van  Tyne 
Phainopepla 

Collection  record:  One  specimen.  May  6, 
1961. 

Status:  We  have  record  of  only  the  one  speci- 
men which  was  collected  at  Cane  Springs. 


birds  were  observed  in  all  of  the  types  of  plant 
communities.  Nesting  activity  was  observed  as 
follows:  A  nest  containing  6  eggs  was  found  in 
an  Antriplex  confertifolia  about  3  feet  up  from 
the  ground,  April  28,  1962;  another,  also  con- 
taining 6  eggs  was  located  at  Tippipah  Spring 
in  a  Purshia  tridentata  about  4  feet  up,  April 
28,  1962;  another  nest  containing  young  about 
a  week  old  was  found  on  May  5,  1962.  These 
young  were  banded  on  May  12. 

The  subspecific  status  of  the  breeding  pop- 
ulation is  somewhat  in  doubt.  The  race  nevad- 
cnsis  proposed  by  Miller  is  not  recognized  in 
A.O.U.  Check-list  (1957)  and  is  presumably 
considered  to  be  a  synonyni  of  sonoriensis.  Most 
of  our  specimens  have  the  clear  white  rump  and 
lighter  upperparts  of  sonoriensis,  but  a  few 
adults  have  tlie  grayish  rumps  and  darker  backs 
more  typical  of  gambcli.  Measurement  of  9 
specimens  from  the  test  site  shows  a  wing  length 
varying  from  98  to  102  mm.,  with  an  average  of 
100.3.  This  is  somewhat  smaller  than  the  average 
of  103.3  accorded  to  sonoriensis  ( Miller,  1930,  p. 
155).  If  the  race  nevadensls  is  to  be  discounted, 
it  seems  likely  from  the  data  at  hand  that  the 
test  site  population  consists  of  intergrades  be- 
tween gamheli  and  sonoriensis,  being  closer  to 
gambeli  in  wing  measurement  but  nearer  to 
sonoriensis  in  the  white  underparts  and  usually 
lighter  backs. 

Sturnus  vulgaris  Linnaeus 
Starling 

Collection  records:  Six  specimens,  Novem- 
ber 19,  1959;  Julv  6,  I960;  February  13,  March 
14,  October  18,  '1961. 

Status:  The  Starling  appears  to  be  primarily 
a  winter  and  early  spring  visitor  to  the  test  site. 
It  was  recorded  most  often  in  November  but 
was  common  in  later  winter  and  early  spring. 
Occasional  birds  also  occur  in  the  summer  as 
indicated  by  the  collection  made  in  July.  They 
are  most  frequently  observed  in  the  lower  de- 
sert communities  and  were  especially  common 
along  the  roadways  at  Yucca  Flat. 


Laniiis  ludoviciamts  Linnaeus 
Loggerhead  Shrike 

Collection  records:  Fifteen  specimens,  Au- 
gust 24,  November  19,  1959;  June  9,  July  27, 
I960;  March  7,  April  15,  25,  May  21,  June  28, 
1961;  February  14,  March  7,  June  5,  1962. 

Status:  We  have  many  records  including 
every  month  of  the  year,  but  shrikes  were  most 
commonly   seen   in   March   through   June.    The 


Vireo  vicinior  Coues 
Gray  Vireo 

Collection  records:  One  specimen,  July  7, 
1961. 

Status:  The  Gray  Vireo  has  been  recorded 
four  times  at  the  test  site  from  May  7  to  July 
7.  It  was  noted  only  in  the  Pinyon-Juniper  com- 
munity. 
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Vireo  solitiirius  ( Wilson  ) 
Solitary  Vireo 

Collection  records:  Five  specimens,  May  13, 
26,  1961;  April  28,  May  12,  1962. 

Status:  This  vireo  is  a  spring  and  summer 
resident  in  the  Pinyon-Juniper  of  the  mesas.  We 
have  records  extending  from  April  28  to  July 
2. 

Four  of  our  five  specimens  are  of  the  sub- 
species cassinii,  with  typical  yellowish  green 
flanks  and  back.  The  other  specimen  is  of  the 
race  plumbeus. 

Vireo  gilviis  sivainsonii  Baird 
Warbling  Vireo 

Collection  records:  Four  specimens,  May  24, 
June  16,  July  30,  1961;  April  28,  1962. 

Status:  The  Warbling  Vireo  is  a  fairly  com- 
mon spring  and  summer  resident,  when  it  is  to 
be  found  at  Cane  Springs  and  in  the  Pinyon- 
Juniper  of  the  mesas.  It  also  occurs  in  the  oak- 
brush  in  canyons  around  the  mesas. 

Veimivora  celata  orestera  Oberholser 
Orange-crowned  Warbler 

Collection  records:  Ten  specimens,  April  30, 
May  6,  June  19,  September  21,  1961;  April  28, 
1962. 

Status:  All  of  our  records  of  this  species 
were  made  at  Cane  Springs.  It  seems  to  be 
mainly  a  spring  and  autumn  migrant  through 
the  area  although  the  June  19  record  is  rather 
late  for  a  migrant  and  may  indicate  that  some 
remain  througii  the  summer. 

Vermivora  ruficapilhi  ridgwayi  van  Rossem 
Nashville  Warbler 

Collection  records:  Two  specimens,  August 
20,  30,  1961. 

Status:  Our  only  knowledge  of  this  species 
at  the  test  site  is  from  the  two  collection  records 
noted  above.  The  birds  were  taken  in  Pinyon- 
Juniper  and  oakbrush. 

Vermivora  virginiae  (Baird) 
Virginia's  Warbler 

Collection  records:  Two  specimens,  June  28, 
July  2,  1961. 

Status:  We  have  a  limited  number  of  rec- 
ords of  \'irginia's  Warbler  extending  from  April 
14  to  August  20.  The\'  are  spring  and  summer 
residents  in  the  Pinyon-Juniper  of  the  mesas  and 
in  tiie  oakbrush  of  adjacent  canyons. 


Dendroicd  petechia  morcomi  Coale 
Yellow  Warbler 

Collection  records:  Seven  specimens,  April 
29,  30,  May  14,  10,  20,  21,  1961. 

Status:  The  yellow  warbler  is  a  fairly  com- 
mon spring  and  autumn  migrant  at  the  test  site. 
It  has  been  recorded  from  April  28  to  May  6 
and  again  from  August  10  to  September  19. 
Birds  were  most  commonly  seen  at  Cane  Springs 
and  at  Whiterock  Spring. 


Dendroica  coronata  (Linnaeus) 
Myrtle  Warbler 

Collection  records:  Two  specimens,  March 
23,  April  16,  1961. 

Status:  Known  only  as  a  spring  migrant 
from  the  two  collection  records.  Linsdale  (1951, 
p.  243)  mentions  it  as  a  transient  in  Nye  County. 

Dendroica  auduboni  memorabilis  Oberholser 
Audubon's  Warbler 

Collection  records:  Eight  specimens,  Octob- 
er 5,  1969;  March  24,  April  14,  24,  28,  June  28, 
July  2,  1961. 

Status:  This  warbler  is  a  common  spring  and 
autumn  transient.  It  is  especially  abundant  in 
April,  when  it  is  found  at  Cane  Springs,  in  the 
Pinyon-Juniper  of  the  mesas,  and  also  in  the 
lower  desert  shrub  communities.  The  collection 
of  one  young  bird  on  the  mesa  in  July  would  in- 
dicate that  it  also  breeds  in  the  area. 

Our  specimens  are  assigned  to  the  subspecies 
memorabilis  rather  than  audtiboni  on  the  basis 
of  greater  wing  length.  The  Nevada  specimens 
compared  with  Oberholser's  (1921)  measure- 
ments are  as  follows: 

Test  Site  Birds 

Wing 

78  (male)  73.6  (fern.) 


D. 

a.  uiemorabiJis 

D. 

a.  auduboni 

D. 

a  memorabilis 

D. 

a.   auduboni 

Oberholser  (1921) 
Wing 
80..5  (male)  73.9  (fem.) 
74.9  (male)  71.6  (fern.) 


Dendroica  nigrcsccns  (Townsend) 
Black-throated  Grav  Warbler 


April 


Collection    records:     Nine    specimens, 
30,  May  7,  24,  26,  June  4,  29,  1961. 

Status:   This  warbler  is  a  common  spring  and 
summer  resident  of   the   Pinyon-Juniper  of  the 
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mesas,  wliert-  it  no  doubt  breeds.  Our  collection 
and  siglit  records  extend  from  April  28  to  Sep- 
tember 6,  with  most  of  the  observation  being 
made  in  May  and  June. 

Dendroica  tuwnscndi   (  Townseud  ) 
Townsend's  Warbler 

Collection  records:  One  specimen,  May  13, 
1963. 

Status:  Townsend's  \\'arbler  is  an  uncommon 
spring  transient  through  the  test  site.  It  was 
seen  at  Cane  Springs  and  in  sagebrush  at  the 
edge  of  the  Pinyon-Juniper.  We  have  six  sight 
records  from  April  28  to  Vlay  13  and  in  October. 

Oporornis  tolmiei  (Townsend) 
MacGillivray's  Warbler 

Collection  records:  Six  specimens,  May  13, 
14,  20,  June  2,  1961;  June  5,  1962. 

Status:  MacGillivray's  Warbler  is  known  to 
be  a  spring  and  autumn  transient  through  the 
test  site  area.  We  have  records  for  May  and 
early  June  and  again  for  August  and  September. 
There  are  no  records  for  July,  but  the  species 
may  yet  be  found  breeding  around  some  of  the 
springs.  The  earliest  record  is  for  May  4  and 
the  latest  for  September  10.  The  birds  were 
seen  around  Cane  Springs  and  in  Purshia  tri- 
dentata  and  other  brush  at  Tippipah  Spring. 

The  subspecific  status  of  our  specimens  is 
somewhat  doubtful  since  both  O.  t.  tolmiei  and 
O.  t.  monticola  might  be  found  as  transients 
through  this  area.  Our  specimens  are  rather  var- 
iable in  the  gray  and  black  of  the  forward  parts, 
but  the  yellow  underparts  and  yellowish  green 
of  the  back  are  quite  uniform  and  very  much 
like  a  series  of  breeding  birds  from  northern 
Utah.  The  tail  measurements  of  our  small  ser- 
ies seem  to  be  decidedly  less  than  those  given 
by  Phillips  (Auk,  64(2):  p.  297,  1947)  for 
motiticola  (50.3  in  males  as  compared  to  58.4), 
but  we  cannot  be  sure  that  our  method  of 
measurement  was  the  same  as  his.  Linsdale 
( 1951 )  lists  monticoJa  as  the  resident  bird  of 
Nevada. 

Ccotldypis  trichas  scirpicohi  Grinnell 
Yellowthroat 

Collection  records:  Ten  specimens,  April  26, 
27,  30,  May  9,  19,  20,  21,  June  9,  1961. 

Status:  The  Yellowthroat  is  a  spring  and  au- 
tumn transient  through  the  area.  It  has  been 
found  from  late  .April  into  early  June  and  again 
in   September  at   Cane   Springs   and   Whiterock 


Spring.    It  is  not  known  to  breed  at  cither  of 
these  places. 

Linsdale  ( 1951 )  states  that  scirpicola  is  the 
resident  subspecies  of  southern  Nevada.  Our 
male  specimens  with  respect  to  smaller  size, 
smaller  bills,  and  greater  diffusion  of  tlie  yellow 
over  the  abdomen  seem  close  to  scirpicola  ratti- 
er than  the  more  northern  race,  occidentalis. 
However,  our  females  show  considerable  varia- 
tion in  color  from  both  of  the  above  subspecies 
in  that  they  have  brighter  yellow  throats,  gray- 
ish rather  than  brownish  flanks,  and  paler  backs. 

Wilsonid  pusUla  (Wilson) 
Wilson's  Warbler 

Collection  records:  Ten  specimens,  April  26, 
30,  May  11,  23,  27,  June  2,  1961. 

Status:  Wilson's  W'arblers  are  rather  common 
spring  and  autumn  migrants.  They  were  record- 
ed from  April  26  to  June  6  and  again  in  Sep- 
tember, but  they  were  most  abundant  in  May. 
They  were  seen  at  Cane  Springs  and  around 
the  well  reservoirs  as  well  as  in  Pinyon-Juniper 
and  oakbrush  on  the  mesas. 

From  the  material  at  hand  it  would  seem  that 
both  \V.  p.  pileolata  and  W.  p.  chryseola  migrate 
through  the  test  site  area.  Three  males  of  our 
series  exhibit  more  intense  yellow  underparts, 
a  tendency  toward  orange  in  the  forehead,  and 
more  yellowish  backs  characteristic  of  chrtjseoh. 
Comparative  wing  measurements  seem  not  to 
show  any  consistent  pattern  in  the  two  races  as 
represented  in  our  material. 

Passer  domcsticiis  dumcsticus  (Linnaeus) 
House  Sparrow 

Collection  records:  Three  specimens,  Janu- 
ary 30,  March  26,  1961. 

Status:  We  have  records  of  the  House  Spar- 
row at  the  town  of  Mercury  and  around  the 
wells  from  October  into  June.  We  have  no 
records  for  July,  August,  or  September. 


Stitrnella  neglecta  neglecta  Audubon 
Western  Meadowlark 

Collection  records:  Two  specimens,  Decem- 
ber 8,  1959;  May  3,  1961. 

Status:  The  meadowlark  seems  to  be  primar- 
ily an  autumn,  winter  and  spring  resident  at 
the  test  site,  when  it  occurs  in  small  numbers  in 
sagebrush  and  other  lower  desert  shrub  com- 
munities. Our  earliest  records  are  for  mid-Sep- 
tember and  our  latest  for  mid-May. 
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Xanthocephahts  xanthocephalm  (Bonaparte) 
Yellow-headed  Blackbird 

Collection  records:  Four  specimens,  April 
16,  26,  29,  May  31,  1961. 

Status:  This  blackbird  is  an  irregular  transient 
at  the  test  site.  Our  earliest  record  is  for  March 
31  and  our  latest  September  19.  The  birds  were 
most  common  in  April  and  May  but  a  few  were 
noted  in  June,  July,  and  August.  They  were 
seen  around  the  wells  and  springs  and  on  the 
playas. 

Agekiius  phoeniceus  (Linnaeus) 
Redwinged  Blackbird 

Collection  records:  Nine  specimens,  July  28, 
October  13,  I960;  May  20,  October  8,  1961; 
March   16,  April  1,   1962. 

Status:  The  Redwinged  Blackbird  is  the  most 
common  icterid  at  the  test  site.  We  have  rec- 
ords for  all  months  of  the  year  except  December, 
January  and  June.  Birds  are  most  abundant  in 
April  and  again  in  October;  at  other  times  only 
scattered  records  were  made.  During  the  height 
of  their  migration  they  are  common  in  flocks 
around  the  wells  and  springs  and  near  water 
on  the  playas. 

According  to  the  A.O.U.  Check-list  (19.57) 
any  of  the  races  fortis,  nevadensis,  and  sonori- 
ensis  might  occur  at  one  time  or  anotlier  in 
southern  Nevada.  Most  of  tlie  birds  at  the  test 
site  are  transients,  and  we  have  not  as  yet  been 
able  to  determine  the  breeding  subspecies  if  any 
in  that  area.  Our  small  series  of  females  show 
considerable  variation  as  to  coloration  and  size 
of  die  beak.  The  length  of  the  exposed  culmen 
varies  from  15.3  to  18.7  millimeters.  Few  reach 
the  minimum  of  this  measurement  for  females 
of  either  fortis,  nevadensis  or  sonoriensis  and 
none  reaches  the  maximum  of  these  races  given 
by  Bishop  ( 1938,  Trans.  San  Diego  Soc.  Nat. 
Hist.,  9  (1):  1-4).  For  the  present,  therefore, 
it  is  thought  best  to  leave  the  subspecLfic  iden- 
tity of  the  test  site  specimens  in  doubt. 


Icterus  parisonim  Bonaparte 
Scott's  Oriole 

Collection  records:  Seven  specimens,  July 
27,  I960;  June  19,  27,  28,  1961;  April  28,  1962. 

Status:  Our  records  extend  from  April  15  to 
August  9.  Scott's  Oriole  is  consistently  present 
at  the  test  site  in  spring  and  summer,  when  it 
appears  to  occupy  a  variety  of  habitats.  It  has 
been  observed  in  Yucca,  Pinyon-Jimiper,  sage- 
brush, and  the  mi.xed  vegetation  around  springs. 


Icterus  buUockii  huUockii  ( Swainson ) 
Bullock's  Oriole 

Collection  records:  Six  specimens,  July  28, 
1960;  May  4,  7,  14,  July  26,  1961. 

Status:  Bullock's  Oriole  is  a  fairly  common 
spring  and  summer  resident  at  the  test  site.  We 
have  records  from  April  14  to  September  9, 
with  most  of  them  being  in  May.  The  birds 
were  most  commonly  seen  at  Cane  Springs,  in 
the  Pinyon-Juniper  of  the  mesas,  and  in  oak- 
brush  vegetated  canyons. 

Euphagus  cyanoccphalus  (Wagler) 
Brewer's  Blackbird 

Collection  records:  Three  specimens,  April 
16,  26,  1961. 

Status:  This  blackbird  is  a  common  bird  at 
the  test  site  in  spring  and  autumn,  when  it  is 
most  often  seen  around  the  wells  and  springs. 
Large  numbers  were  observed  in  April  and 
again  in  September  and  October.  They  were 
sparse  during  the  summer  months  and  seemingly 
absent  in  winter. 


Molothrus  ater  obscurus  (Gmelin) 
Brown-headed  Cowbird 

Collection  records:  Eighteen  specimens, 
August  27,  28,  1959;  July  28,  I960;  April  6,  16, 
26,  30,  1961;  April  28,  1962. 

Status:  Our  records  for  the  cowbird  extend 
from  April  6  to  November  27,  with  the  greatest 
numbers  being  in  April  and  May.  Birds  were 
seen  around  springs  and  wells  and  also  in  the 
Pinyon-Juniper. 

Our  specimens  are  somewhat  intermediate 
in  size  between  M.  a.  aiiemesiae  and  M.  a.  ob- 
scurus. However,  tliey  have  the  shorter  and 
more  slender  bills  characteristic  of  obscurus 
and  on  that  basis  are  referred  to  that  subspecies. 


Piranga  ludoviciana  (Wilson) 
Western  Tanager 

Collection  records:  Eleven  specimens,  July 
28,  August  1,  I960;  May  14,  24,  26,  June  1961; 
May  27,  1962. 

Status:  Western  Tanagers  have  been  record- 
ed for  the  test  site  from  May  13  to  September  8 
although  they  are  most  common  in  May  and 
September.  They  are  frequently  seen  in  the 
Pinyon-Juniper  of  the  mesas,  and  a  few  may  nest 
there.  They  are  also  present  at  Cane  Springs 
and  other  springs  of  the  area. 
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Pheucticus  inehinocephalus  melanocephalus 

( Swainson ) 

Black-headed  Grosbeak 

Collection  records:  Seven  specimens.  May 
20,  June  4,  30,  July  7,  1961. 

Status:  Our  records  of  the  Black-headed 
Grosbeak  extend  from  April  11  to  October  4. 
Birds  are  more  common  in  May  and  June.  They 
inhabit  the  oakbush  around  the  mesas  as  well 
as  the  Pinyon-Juniper.  They  were  also  fre- 
quently seen  at  Cane  Springs. 


Guiraca  caerulea  interfusa  Dwight  and  Griscom 
Blue  Grosbeak 

Collection  record:  One  specimen,  May  21, 
1961. 

Status:  The  Blue  Grosbeak  seems  to  be  an 
uncommon  visitor  to  the  test  site.  We  have  a 
total  of  20  records  all  from  the  vicinity  of  Cane 
Springs  and  all  for  May. 

Passerina  amoena  (Say) 
Lazula  Bunting 

Collection  records:  Nine  specimens,  April 
30,  May  2,  7,  12,  June  19,  July  2,  September  13, 
29,  1961;  May  12,  June  6,  1962. 

Status:  This  species  is  a  fairly  common 
spring,  summer,  and  early  autumn  resident.  Our 
records  extend  from  April  50  to  September  29, 
but  most  of  them  are  for  May  and  June.  The 
birds  are  most  commonly  seen  around  Cane 
Springs,  but  they  are  also  found  in  the  Pinyon- 
Juniper  of  the  mesas  where  there  is  some  evi- 
dence of  nesting. 

Hesperiphona  verpertina  brooksi  Grinnell 
Evening  Grosbeak 

Collection  records:  Two  specimens,  October 
24,  25,  1961. 

Status:  The  Evening  Grosbeak  is  a  rare 
autumn  and  winter  visitor  at  the  test  site.  Birds 
have  been  noted  around  the  wells  and  in  the 
Pinyon-Juniper. 

Carpodacus  purpureus  caJifornicus  Baird 
Purple  Finch 

Collection  records:  Two  specimens,  Octob- 
er 24,  25,  1961. 

Status:  This  species  appears  to  be  a  rare 
autumn  and  spring  transient.    It  has  been  noted 


only  in  the  Pinyon-Juniper  of  the  mesas.  Neither 
Linsdale  (1951)  nor  Gullion,  et  al.  (1959)  have 
included  this  species  in  their  lists  of  Nevada 
birds. 

Carpodacus  cassinii  Baird 
Cassin's  Finch 

Collection  records:  Twelve  specimens,  April 
15,  27,  May  21,  23,  26,  27,  June  16,  October  25, 
November 'l4,  1961. 

Status:  Cassin's  Finch  is  a  fairly  common  res- 
ident in  the  area  in  spring,  summer,  and  autumn. 
Our  records  extended  from  March  18  to  No- 
vember 14,  with  the  greatest  numbers  noted  in 
March  through  June.  The  birds  are  almost  in- 
variably seen  in  Pinyon-Juniper  but  have  been 
recorded  occasionally  in  Larrea. 


Carpodacus  mexicanus  (MuUer) 
House  Finch 

Collection  records:  Thirty-nine  specimens, 
October  1,  November  18,  1959;  December  9, 
I960;  January  20,  25,  30,  31,  February  15,  17, 
March  10,  11,  19,  26,  April  23,  29,  May  10,  11, 
19,  June  15,  November  12,  1961. 

Status:  The  House  Finch  is  an  abundant 
resident  at  the  test  site  throughout  the  year. 
Birds  are  especially  abundant  in  winter,  when 
large  flocks  are  mostly  restricted  to  disturbed 
areas  where  Russian  thistle  is  predominant.  In 
summer  these  birds  scatter  into  the  Pinyon-Jun- 
iper and  Yucca  where  they  nest.  We  have  the 
following  nesting  records:  On  May  26,  1961,  a 
nest  containing  five  young  recently  hatched  was 
found  in  the  top  of  a  Yucca  about  7  feet  from 
the  ground;  on  June  1,  1961,  a  nest  containing 
four  eggs  was  found  in  a  juniper. 

Moore  (Proc.  Biol.  Soc.  Washington,  52:105, 
1939)  proposed  the  name  solitudinis  for  the 
Nevada  race  of  House  Finch  mainly  on  the  basis 
of  less  extensive  distribution  of  red  in  the  male. 
However,  his  name  was  not  accepted  in  the 
A.O.U.  checklist  (1957),  and  the  name  frontalis 
has  usually  been  applied  to  the  Nevada  popula- 
tion (Linsdale,  1951).  Our  series  of  males  tak- 
en mostly  in  winter  and  early  spring  show  a 
great  amount  of  variation  in  both  the  extent  and 
shade  of  red.  Some  of  the  brighter  specimens 
are  near  Nopal  Red  of  Ridgeway  but  range  to 
Peach  Red  in  one  specimen.  In  another  group 
where  the  coloring  is  usually  far  less  extensive 
the  color  is  near  Zinc  Orange  or  Ochraceous- 
orange.  In  one  specimen  the  throat,  forehead, 
and  rump  are  Yellow  Ocher,  and  there  is  a  dis- 
tinct grayish  brown  band  across  the  upper  breast. 
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Spiniis  pintis  pimis  (Wilson) 
Pine  Siskin 

Collection  records:  Five  specimens,  Octob- 
er 19,  1960;  March  30,  April  30,  November  1, 
1961. 

Status:  The  Pine  Siskin  is  an  autumn,  win- 
ter and  spring  resident  of  the  area.  Our  records 
extend  from  October  19  to  April  30,  when  the 
birds  were  seen  in  the  Pinyon-Juniper  of  the 
mesas  and  around  Cane  Springs.  We  have  no 
evidence  of  summer  occurrence. 


Passerciilus  saiulwichensis  nevadensis  Grinnell 
Savannah  Sparrow 

Collection  records:  Twelve  specimens,  March 
11,  22,  30,  31,  April  7,  27,  May  6,  26,  September 
6,  1961;  March  9,  1962. 

Status:  Our  records  extend  from  March  11 
into  May  and  again  from  mid-September  to  Oc- 
tober 28.  We  have  no  evidence  of  the  presence 
of  this  species  in  winter  or  summer.  It  has  been 
noted  on  the  playas  and  in  desert  shrub  com- 
munities near  water. 


Spinus  tristis  pallidus  Mearns 
American  Goldfinch 

Collection  records:  Three  specimens,  Feb- 
ruary 15,  17,  April  30,  1961. 

Status:  Three  birds  have  been  noted  at  the 
test  site,  mainly  in  winter  and  early  spring, 
when  they  occur  in  flocks  in  disturbed  areas  in 
the  desert  where  Russian  thistle  is  predominant. 
In  spring  there  are  often  heavy  concentrations 
around  the  wells. 


Pooecetes  gramineus  confinis  Baird 
Vesper  Sparrow 

Collection  record:  One  specimen,  March  13, 
1961. 

Status:  Our  records  of  the  Vesper  Sparrow 
are  rather  unevenly  scattered  between  March 
13  and  September  10  except  in  the  month  of 
June.  We  regard  them  as  transients  through 
the  test  site  area.  They  have  been  noted  around 
the  wells,  at  Cane  Springs,  and  in  several  types 
of  desert  shrub  communities. 


Spinus  psaltria  hesperophiltts  (Oberholser) 
Lesser  Goldfinch 

Collection    records:     Two    specimens,    April 

28,  29,  1962. 

Status:  The  occurrence  of  this  bird  at  the 
test  site  is  known  only  from  the  two  collection 
records.  The  specimens  were  taken  at  Cane 
Springs. 

Chlorura  chlortira  (Audubon) 
Green-tailed  Towhee 

Collection  records:  Seven  specimens,  April 
28,  May  13,  21,  23,  24,  June  1,  16,  1961. 

Status:  Our  records  of  this  species  extend 
from  April  15  to  November  14,  with  the  great- 
est numbers  occurring  in  May.  The  birds  inhabit 
the  Pinyon-Juniper  of  the  mesas  and  the  oak- 
brush  in  canyons  around  their  borders. 


Pipilo  enjthropthahnus  montanus  Swarth 
Rufous-sided  Towhee 

Collection  records:  Six  specimens,  January  4, 
16,  May  24,  26,  October  8,  1961. 

Status:  This  towhee  seems  to  occur  the  year 
around  in  the  Pinyon-Juniper  of  the  mesas  and 
in  areas  where  oakbrush  is  predominant.  These 
birds   are,   however,   rather   uncommon. 


Chondestes  grammacus  strigatus  Swainson 
Lark  Sparrow 

Collection  records:  Six  specimens,  April  9, 
25,  27,  May  2,  13,  1961. 

Status:  Most  of  our  records  for  this  species 
are  from  April  9  to  May  27.  We  have  a  single 
record  for  August.  Our  present  evidence  indi- 
cates that  they  are  principally  spring  migrants 
through  the  test  site.  We  have  observed  them  m 
brushy  areas  near  springs  and  on  the  mesas 
where  there  is  a  mixture  of  Pinyon-Juniper  and 
sagebrush. 

Amphispiza  hilineata  deserticola  Ridgway 
Black-throated  Sparrow 

Collection  records:  Fourteen  specimens, 
April  20,  26,  27,  28,  June  22,  29,  July  27,  1960; 
March  15,  June  2,  12,  1961;  June  29,  1962. 

Status:  The  Black-throated  Sparrow  is  a 
common  spring  and  summer  resident  of  the  test 
site.  We  have  abundant  records  of  its  occur- 
rence from  March  18  to  August  22,  with  the 
highest  concentration  in  April,  May  and  June. 
Rickard  (1961)  mentions  its  nesting  in  shrubs  on 
the  test  site  and  we  have  records  of  young  birds 
of  the  year.  The  birds  inhabit  all  of  the  types 
of  desert  shrubs  and  also  occur  less  commonly 
in  the  Pinyon-Juniper  of  the  mesas. 
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Aiiipliispiza  belli  iievadensis  (Ridgway) 
Sage  Sparrow 

Collection  records:  Twenty-two  specimens, 
October  1,  23,  1959;  December  3,  1960;  Jan- 
uary 9,  23,  29.  30,  February  1,  17,  April  27,  Oc- 
tober 4,  1961;  January  9,  April  24,  1962. 

Status:  Our  records  of  the  sage  sparrow  ex- 
tend from  mid-September  to  May.  The  species 
is  one  of  the  most  common  wintering  birds  in 
the  area;  during  the  winter  it  is  found  in  the 
several  types  of  desert  shrub  communities.  The 
greatest  concentrations  occur  in  December  and 
January. 

Jimco  hijemalls  cismontanus  Dwight 
Slate-colored  Junco 

Collection  records:  Two  specimens,  Octob- 
er 23,  25,  1961. 

Status:  The  Slate-colored  Junco  is  apparent- 
ly rare  at  the  test  site.  Only  the  two  collection 
records  and  one  or  two  other  sight  records  are 
indicated  in  our  data.  Judging  from  the  records 
summarized  by  Linsdale  (1951)  there  are  rela- 
tively few  indications  of  its  occurrence  in  Ne- 
vada. The  specimens  collected  were  taken  on 
the  mesa  in  Pinyon-Juniper. 

junco  oreganus  (Townsend) 
Oregon  Junco 

Collection  records:  Seven  specimens,  March 
16,  April  23,  October  8,  1961;  January  26,  March 
2,  18,  1962. 

Status:  During  the  winter  large  flocks  of 
juncos  occur  on  the  test  site,  principally  in  the 
Pinyon-Juniper  of  the  mesas.  We  have  records 
from  October  7  to  April  14,  but  they  are  most 
abundant  in  October  and  November, 

Since  various  species  and  subspecies  usually 
flock  together,  it  is  difficult  to  give  an  accurate 
indication  of  the  relative  abundance  of  the  sev- 
eral kinds.  However,  our  observations  indicate 
that  the  great  majority  of  them  are  /.  oregonus. 
In  our  material  we  have  representatives  of  both 
/.  o.  montamis  and  /.  o.  mearnsi,  with  the  former 
apparently  being  the  more  common. 

Junco  caniceps  caniceps  (Woodhouse) 
Gray-headed  Junco 

Collection  records;  Four  specimens,  May  26, 
June  16,  September  29,  1961. 

Status:  We  have  a  small  number  of  records 
of  the  junco,  all  of  which  are  for  spring  and 
summer.    Birds  have  been  found  in  the  Pinyon- 


Juniper  of  the  mesas,  and  there  is  some  indica- 
tion that  they  may  nest  there. 

Spi:iclla  passerina  arizonae  Coues 
Chipping  Sparrow 

Collection  records:    Six  specimens,  April  24, 

25,  May  9,  23,  June  4,  27,  1961. 

Status:  Chipping  Sparrows  are  common  in 
spring  and  summer  in  the  Pinyon-Juniper  of  the 
mesas  and  are  often  frequently  found  at  Cane 
Springs.  We  have  records  from  April  14  to 
November  6,  but  most  of  them  are  for  April 
and  May  when  migration  is  at  its  highest.  Im- 
mature specimens  were  collected  on  the  mesa, 
indicating  that  the  birds  nest  there. 

Spizella  breiceri  breweri  Cassin 
Brewer's  Sparrow 

Collection   records:     Eight   specimens,   April 

14,  June  4,  16,  19,  28,  1961;  April  14,  1962. 
Status:    We  have  numerous  records  of  this 

species  between  February  10  and  September  9. 
The  birds  are  most  abundant  in  April,  May  and 
June,  Their  favored  habitat  seems  to  be  in 
areas  where  sagebrush  is  predominant.  Young 
have  been  taken,  indicating  that  they  should  be 
listed  among  the  breeding  birds  of  the  area. 

Spizella  atrogularis  evura  Coues 
Black-chinned  Sparrow 

Collection  record:  One  specimen,  July  2, 
1961. 

Status:  We  have  only  the  one  record  of  this 
species  on  the  test  site.  It  was  taken  from  a 
thicket  of  scrub  oak  on  the  mesa.  Linsdale 
(1951)  indicates  that  the  Black-chinned  Sparrow 
is  not  common  in  Nevada  and  is  knowTi  only 
from  the  southern  part  of  the  state. 

Zonotrichia  leiicophnjs  (Forster) 
White-crowned  Sparrow 

Collection  records:  Seventeen  specimens,  No- 
vember 5,  1959;  October  19,  1960;  February  1, 

15,  17,  20,  March  6,  9,  September  21,  October 
13,  1961;  April  28,  1962. 

Status:  White-crowned  sparrows  are  in  res- 
idence in  large  numbers  from  September  through 
May.  During  this  period  they  are  found  around 
the  springs  and  wells  and  in  all  tyj^es  of  desert 
shrubs.  They  are  especially  common  in  tlie  Lar- 
rca  community. 

Both   Z.    /.    "ambeli   and   Z.    /.   oriantha   are 
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present  in  the  wintering  flocks.  Of  our  17  speci- 
mens 12  are  gambeli  and  5  are  oriahtha.  From 
the  material  at  hand  there  would  appear  to  be 
no  seasonal  separation  of  the  two  races. 

Zonotiichia  atricapillci  (Gmelin) 
Golden-crowned  Sparrow 

Collection  record:  One  specimen,  April  28, 
1962. 

Status:  The  occurrence  of  this  species  at  the 
test  site  is  known  only  from  the  single  specimen 
cited  above.  Records  of  this  bird  in  Nevada 
seem  to  be  rare  (Linsdale,  1961).  Gullion  (1959) 
recorded  the  first  specimen  from  southern  Ne- 
vada which  was  taken  26  miles  southeast  of 
Overton,  March  31,  1943. 


Melospiza  lincolnii  (Audubon) 
Lincoln's  SpiU^row 

Collection  records:  Six  specimens,  March  4, 
6,  14,  22,  April  30,  1961. 

Status:  Lincoln's  Sparrow  is  a  regular  spring 
migrant  at  the  test  site,  when  it  was  seen  near 
the  wells  and  at  Cane  Springs  from  March  18 
to  April  30.  We  also  have  one  sight  record  for 
October  11. 

The  subspecific  position  of  oiu-  si.x  speci- 
mens is  somewhat  in  doubt  owing  to  the  fact 
that  some  of  them  were  not  se.xed,  making  wing 
measurement  data  of  little  value.    In  color  they 


seem  to  be  identical  with  breeding  birds  from 
central  Utah.  However,  such  wing  measure- 
ments as  are  available  indicate  that  our  Nevada 
series  averages  a  little  smaller  in  this  measure- 
ment than  our  series  of  alticola.  This  would  in- 
dicate that  they  may  be  migrating  lincolnii. 

Melospiza  melodia  muntana  Henshaw 
Song  Sparrow 

Collection  records:  Two  specimens,  January 
9  and  November  15,  1961. 

Status:  This  bird  appears  to  be  an  uncom- 
mon winter  resident  in  the  area.  In  addition  to 
the  collection  records  we  have  tliree  sight  rec- 
ords for  January  30,  March  31  and  October  19. 
Most  of  the  individuals  were  seen  at  Cane 
Springs  and  near  the  wells,  but  was  noted  at 
Frenchman  Playa  in  a  flock  of  sage  sparrows. 

Calcaiius  kipponicus  lapponicus  Linnaeus 
Lapland  Longspur 

Collection  records:  One  specimen,  Octob- 
er 10,  1961. 

Status:  The  occurrence  of  the  Lapland  Long- 
spur  at  the  test  site  is  known  only  from  the  single 
specimen  listed  above.  Linsdale  (1951,  p.  247) 
records  C.  /.  ahscemis  from  the  Carson  City, 
Nevada,  area.  As  far  as  we  are  aware  our  rec- 
ord of  C.  /.  lappanicus  is  the  first  recorded  for 
the  state.  The  specimen  was  taken  near  water  on 
the  playa  at  Frenchman  Flat. 
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SOLPUGIDA  OF  THE  NEVADA  TEST  SITE'   " 

Martin  H.  Muma 
University  of  Florida,  Citrus  Experiment  Station,  Lake  Alfred,  Florida 


This  paper  is  based  on  nearly  1,000  speci- 
mens of  solpugids  that  were  collected  from 
1960  tlirough  1962  in  a  relatively  small  study 
area  at  Mercury,  Nevada.  I  would  like  to  tliank 
Dr.  D.  M.  Allred  and  Dr.  D  Elden  Beck  of 
Brigham  Young  University,  Provo,  Utali,  and 
Dr.  WiUis  J.  Gertsch  of  tlie  American  Museum 
of  Natural  History,  New  York  City,  New  York, 
for  the  opportunity  to  identify  and  study  this 
material. 

The  collection  contained  395  adidt  spec- 
imens. Although  tliis  number  would  not  be 
considered  large  for  most  orders  of  artliropods, 
it  is  more  dian  half  the  total  number  of  adults 
that  were  available  for  study  at  tlie  time  of  my 
1951  review  of  the  order  in  the  United  States. 
In  tliis  light  die  Merciuy  material  must  be  c-on- 
sidered  the  most  extensive  single  collection  of 
these  ciuioiis  araclmids  ever  taken  in  the  United 
States.  Altogether  28  species,  9  undescribed, 
were  represented  by  the  specimens.  As  only 
112  species  are  known  from  the  entire  c-ountry, 
the  collection  represents  one-fourth  of  die  des- 
cribed species  and  must  also  be  considered  the 
most  intensive  ever  taken  in  die  United  States. 
The  value  of  such  a  collection  can  hardly  be 
overemphasized. 

Taxonomically  the  discovery  of  9  new  species, 
1  described  by  Muma,  1962,  and  8  described 
below,  and  the  collection  of  hundreds  of  new 
records  greatly  increase  our  knowledge  of  the 
occurrence,  distribution  and  v;u-iation  of  these 
rare  animals.  Biologically,  the  collection  pro- 
vides for  the  first  time,  information  on  the  life 
cycle,  longevity,  sex  ratio  and  ecological  associ- 
ation of  solpugids  in  this  country. 

Recorded  Species  and  Specimens 

The  following  list  of  species  is  systematically 
arranged  in  the  order  used  in  Muma,  1951.  The 
total  number  of  adult  males  and  females  col- 
lected during  the  study  are  cited  for  each 
species. 


Family  Eremobatidae  Roewer,  1934. 

Genus  Eremorhax  Roewer,  1934. 

1.    Eremorhax  pulcher  new  species — 6ds, 


21  9  s 

2.    Eremorhax  titariia  Vluma,   1951- 
19 


-Id, 


Genus  Ereinobates  Banks,  1900. 

3.  Ereinobates  zinni  Muma,  1951 — 11  9  s 

4.  Eremobates  similis  Muma,  1951 — IcT 

5.  Eremobates  ctenkliellus  Muma,   1951 
—39  s 

6.  Eremobates  scopulatus  Muma,  1951 — 
3cfs,  11  9  s 

7.  Eremobates  mormonus  (Roewer),  1934 
— 17d"s,  79s 

8.  Eremobates  vicintis  new  species — Id" 

Genus  Horribates  Muma,  1962. 

9.  Horribates  sp. — 1  juvenile  and  1  young 

S 

Genus  Therobates  Muma,  1951. 

10.  Therobates  branchi  Muma,  1951 — Ic? 

11.  Therobates  cameronensis  Miuna,  1951 
— IScfs,  53  9  s 

12.  Therobates    plicatus    Muma,    1962 — 
5cfs,  11  9  s 

13.  Therobates    flexaciis    new    species — 

2crs 

14.  Therobates  bidepresstis  (Muma),  1951 
— 4cfs,  89s 

15.  Therobates  nudus  new  species — 1  d" 

16.  Therobates     attritus     new     species — 
29s 

17.  Therobates  arcus  Muma,   1962 — Id* 

Genus  Chanbrki  Muma,  1951. 

18.  Chanhria  sp. — 3  juveniles 

Genus  Hemerotrecha  Banks,  1903. 

19.  Hemerotrecha     denticttlata     Muma, 
1951— Sd's,  79s 

20.  Hemerotrecha  proxima  new  species — 

3d"s,  69s 


*This    study    is    part    of    the    faiinal    ei  ological    study    at    the    Nevada    Test    Site,    sponsored    jointly    by    the    Brigham    Young    University    De- 
partment   of    Zoology    and    Entomology    and    the    United    Slates    Atomic    Energy    Conunission,    under    AEC    Research    Grant   AT(  11-1  j78b. 
^Florida    Agricultural    Experiment   Stations   Journal    Series  No.    1680. 
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21.  Hemerotrecha  friiitana  Muma,  1951 — 
Id 

22.  Hemerotrecha   calif  arnica    (Banks), 
1899— 82crs,  50  $s 

23.  Hemerotrecha  serrata  Muma,  1951 — 
15d"s,  13  9  s 

24.  Hemerotrecha  branchi  Muma,  1951 — 

Family  Ammotrechidae  Roewer,  1934. 
Genus  Ammotrechula   Roewer,   1934. 

25.  Ammotrechula  dolahra  new  species — 

2crs 

26.  Ammotrechula  lacuna   new   species — 
Id,  19 

27.  Ammotrechula  pilosa   Muma,    1951 — 

29s 

Genus  Branchia  Muma,  1951. 

28.  Branchia   potens   Muma,    1951 — 9d's, 
12  9  s 

New  Species 

The  following  new  species  were  described 
from  specimens  preserved  in  70  to  95  per  c-ent 
ethyl  alcohol.  Total  length  measurements  in- 
clude the  chelicerae  and  were  gross,  made  with- 
out the  use  of  magnification,  under  95  per  cent 
alcohol,  over  a  plastic  millimeter  rule  and  ad- 
justed to  the  nearest  half-milhmeter.  Leg  and 
palpal  measurements  e.xclude  the  coxae  and 
were  made  in  the  same  manner.  Cheliceral  and 
propeltidial  measurements,  coloration  evalua- 
tions and  morphological  descriptions  were  made 
at  6X  to  30X  magnification.  Measurements, 
comparisons,  proportions  and  ratios  were  es- 
tablished with  die  same  procedures  as  used  by 
Muma  (1951). 

All  primary  types  are  deposited  in  the  Amer- 
ican Museum  of  Natural  History,  New  York 
City,  New  York. 


Eremorhax  pulchcr  new  species 
Figures  1  to  3 

Diagnosis:  This  species  is  most  easily  dis- 
tinguished from  Eremorhax  magnus  Hancock 
by  its  smaller  size  and  purplish  coloration  of 
the  terminal  segments  of  the  palpi,  medial  seg- 
ments of  legs  3  and  4,  and  anterior  miu-gin  of 
the  propeltidium.  Males  have  a  cUstinctive 
cheliceral  profile  and  females  have  specifically 
different  opercula. 


Males:  Total  length  20.0  to  26.0  mm. 

Length  Width 

Chelicerae  5.6-6.6  mm.         2.5-2.9  mm. 

Propeltidium       2.6-3.1  4.2-4.4 

Palpi  17.0-21.0 

First  legs  14.0-16.0 

Fourth  legs       23.0-28.0 

Holotype  larger  measurements. 
Color  pale  to  straw  yellow  with  purplish 
markings  as  follows:  eye  tubercle  dark;  anterior 
half  of  propeltidium,  excluding  the  exterior 
lobes,  faintly  dusky;  mesopeltidium  and  meta- 
peltidium  unmarked;  abdominal  tergites,  dusky; 
tarsus,  metatarsus,  tibia  and  apical  half  of  femur 
of  palpus  dusky  with  metatarsus  somewhat  dark- 
er than  other  segments;  legs  1  and  2  dusky  at 
the  union  of  the  femora  and  tibiae;  legs  3  and 
4  dusky  on  femora  and  all  but  the  apical  fourth 
of  the  tibiae.   Malleoli  pale. 

Dentition  of  chelicerae  somewhat  variable 
but  maintaining  general  pattern  of  Figures  1 
and  2.  Movable  finger  with  principal  tooth  large, 
intermediate  tooth  tiny  or  missing,  anterior  tooth 
aborted  to  a  small  spur  on  a  low  ridge  and 
mesal  tooth  large  and  visible  behind  principal 
tooth.  Fi.xed  finger  essentially  straight  but  dis- 
tinctly narrowed  in  apical  third  and  lightly 
curved  downward.  Fondal  teeth  graded  in  size 
I,  III,  II,  IV.  Fondal  notch  U-shaped,  narrower 
than  the  base  of  the  fixed  finger  and  contain- 
ing 1  to  3  denticules. 

Mesal  groove  of  fixed  finger  an  indistinct 
hollow  that  extends  along  the  lower  margin  of 
the  finger  to  the  area  below  the  tip  of  the 
flagellar  setal  articulation  area.  Flagellum  es- 
sentially composed  of  simple  tubular  bristles. 
Mesal  setae  of  movable  finger  simple  on  apical 
half  of  articulation  area,  plumose  on  basal  half 
of  area. 

Eye  tubercle,  eyes,  propeltidial  ratio  and 
palpal  setation  as  in  £.  magnus. 

There  are  no  ctenidia  on  the  posterior  mar- 
gin of  the  first  post-spiracular  abdominal  stem- 
ite. 

Females:    Total  length  20.5  to  31.0  mm. 


Chelicerae 
Propeltidium 
Palpi 
First  legs 
Fourth  legs 


Length 

5.6-6.9  mm. 

2.2-2.8 
10.5-10.0 

9.0-11.0 
19.0-20.0 


Width 

2.5-3.1  mm. 
4.0-4.7 


Allotype  larger  measurements. 
Coloration  similar  to  that  of  male. 
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Dentition  and  other  structuif  as  in  E.  mag- 
niis.  Specific  differences  are  found  in  tlie  oper- 
cula  of  the  genital  segment  of  the  abdomen,  Fig- 
ure 3. 

Type  Locality:  \hile  liolotvpe  from  11  miles 
N  of  Mercur\-,  Nevada,  2/10  mile  E  of  Mercury 
High\\ay,  S  of  well  5B  road  on  June  10,  1961 
(5AL10C).'  Male  paratype  from  35  miles  N  of 
Mercury,  Nevada,  3/10  mile  VV  of  Groom  Lake 
road  on  June  25,  1962  (lOSIUlC).  Male  para- 
type from  same  locality  as  holotype  on  June  6, 
1961  (5AL4C).  Female  allotype  from  28  miles 
N  of  Mercury,  Nevada,  3  miles  VV  of  Mercury 
Highway  on  July  12,  1961  (1BF15C).  Female 
paratype  from  same  locality  as  female  allotype 
on  July  17,  1961  (1FA9C).  Female  paratype 
from  near  Mercury,  Nevada  (specific  location 
unknown),  on  July  24,  1961.  Holotype  and  allo- 
type are  deposited  in  the  American  Museum  of 
Natural  History,  New  York  City,  New  York. 
Paratypes  are  in  the  author's  collection  and  the 
collection  at  Brigham  Young  University,  Provo, 
Utah. 

Eremohates  vicinus  new  species 

Figures  4  to  6 

Diagnosis:  This  species  is  closely  related  to 
Eremohates  scopulatiis  Muma,  E.  ptiipuai  Roe- 
wer  and  E.  tubcrcuhitiis  (Kraepelin).  It  dif- 
fers from  scopulatiis  in  cheliceral  profile,  num- 
ber of  palpal  papillae  and  number  of  abdominal 
ctenidia.  The  cheliceral  profile  and  number  of 
palpal  papillae  distinguish  it  from  purpusi.  The 
coloration,  cheliceral  profile  and  palpal  papillae 
are  the  same  as  on  tuherciilatus  but  it  has  8 
( and  one  spurious )  instead  of  6  abdominal 
ctenidia. 

Male   Holotype:    Total   length  25.0  mm. 


Length 

Width 

Chelicerae 

5.4  mm. 

2.1  mm 

Propeltidium 

2.2 

3.9 

Palpi 

21.0 

First  legs 

17.0 

Fourth  legs 

28.0 

Coloration  and  markings  identical  with  those 
of  E.  tuherciilatus  (Kraepelin). 

Cheliceral  structure  nearly  identical  with 
tuherciilatus.  The  palpal  scopula  has  about  60 
aistinct  papillae  and  there  are  9  linear  ctenidia 
on  tlie  first  post-spiracular  abdominal  sternite, 
one  ctenidium  appears  to  be  spurious.  The 
cheliceral  profile  is  shown  in  Figure  4,  the  pal- 


pal scopula  in  Figure  5  and  the  abdominal 
ctenidia  in  Figure  6. 

Propeltidium  wider  than  long  by  a  ratio  of 
1  to  1.8.  Metatarsus  of  palpus  3.9  times  as  long 
as  tarsus. 

Type  Locality:  Male  holotype  from  11  miles 
N  of  Mercury,  Nevada,  2/10  mile  E  of  Mercury 
Highway,  S  of  Well  5B  road  on  May  19,  1961 
(5AA5C),  in  the  American  Museum  of  Natural 
History,  New  York  City,  New  York. 

Therobates  flexacus  new  species 

Figures  7  to  9 

Diagnosis:  This  species  is  readily  distin- 
guished from  other  species  of  tlie  arcus  group 
by  die  presence  of  a  scopula  of  fine  papillae 
on  the  tibia  as  well  as  the  metatarsus.  Other 
diagnostic  characters  include  the  slender,  tubu- 
lar, S-shaped  fixed  finger  of  the  cheUcerae,  the 
narrow  slot-like  mesoventral  groove  of  the  fixed 
finger  and  the  single  pair  of  linear  abdominal 
ctenidia. 

Males:    Total  length  20.0  to  21.0  mm. 

Length  Width 

Chelicerae  4.8-4.8  mm         2.0-2.0  mm. 

Propeltidium       2.4-2.4  3.4-3.4 

Palpi  18.0-18.0 

First  legs  14.0-15.0 

Fourth  legs       25.0-25.0 

Holotype  smaller  specimen. 

Coloration  and  markings  almost  identical  to 
those  of  T.  arcus  Muma  except  the  dusky  area 
on  the  leg  femora  covers  the  apical  two-thirds 
of  the  segment. 

Dentition  of  the  same  general  type  as  that 
of  arcus  except  the  fixed  finger  is  slender,  need- 
le-like and  strongly  S-shaped:  the  movable  fin- 
ger is  provided  with  a  strong  principal  tooth, 
two  tiny  intermediate  teeth  and  an  aborted  an- 
terior tooth  but  no  niesal  tooth;  the  fondal  notch 
is  shallow,  bears  no  denticules  and  is  three  times 
the  width  of  the  fixed  finger  at  the  base  (Fig- 
ure 7). 

The  mesoventral  groove  of  the  fixed  finger 
is  a  narrow  slot  that  extends  nearly  to  the  base 
of  the  finger  where  it  expands  into  a  cup-like 
hollow.  Flagellum  complex  with  basal,  dorsal 
tubular  bristles  arched,  apical,  dorsal  tubular 
bristles  slightly  S-shaped  and  plumose  bristles 
strongly  S-shaped  covering  basal  half  of  meso- 
ventral groove. 


'This    Is    a    typical    code   number    for   all    specimens 

plete    list    uf    cixlification    letters    and    numbers    is    given    in 

Allred   ft   al..    190ia).    Use   of   the   code   enables    the    local; 


ollected   as   part    of   the    .\Et-BYU    faunistic    studies    al    the    Nevada   Test    Site.    A   com 
the    publication      "Nevada     Test     Site     Study     Areas     and     Specimen     Depositories" 
few  feet  of  the  place  of  capture. 


of   a    coll  ei  lion  within  i 
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Stiiichire  similar  to  tliat  of  T.  ciiciis,  ex- 
cept that  the  piopelticHiiin  is  wider  than  long 
by  a  ratio  of  1  to  1.4,  the  palpal  seopula  is 
composed  of  about  50  papillae  on  the  tibia  and 
15  on  the  metatarsus  (Figure  9),  and  there  are 
only  two  slender  ctenidia  on  the  first  post-spir- 
acular  abdominal  sternite  (Figure  8). 

Type  Locality:  Male  holotype  from  10  miles 
N  of  Mereurw  Nevada,  1  mile  E  of  Mercury 
Highway  on '  March  2,  1961  (5EL4C).  Male 
paratvpe  from  Cane  Springs  12  miles  NNW  of 
Mercury,  Nevada  on  February  26,  1962 
(CBA8C).  Both  types  are  in  the  American  Mu- 
seum of  Natural  History,  New  York  City,  New 
York. 

Thcrohatcs  niuliis  new  species 

Figure  10 

Diagnosis:  The  cheliceral  profile  and  fondal 
tootii  formula  indicate  a  close  relationship  with 
Therobatcs  (iiciis.  It  differs  in  its  smaller  size 
and  in  the  lack  of  a  palpal  seopula  and  abdom- 
inal ctenidia. 

Male  Holotype:    Total  length  13.5  mm. 

Leiagth  Width 

Chelicerae  3.7  mm.  1.7  mm. 

Propeltidium        1.7  2.7 

Palpi  14.0 

First  legs  10.0 

Fourth  legs        17.0 

Coloration,  dentition  and  structure  of  this 
species  are  very  similar  to  that  of  T.  arms.  The 
dentition  of  this  species  differs  in  a  more  mas- 
sive fixed  finger,  a  fondal  notch  that  is  deeper 
than  it  is  wide  but  narrower  than  the  base  of 
the  fixed  finger  and  a  minute  intermediate  tooth 
in  addition  to  one  at  the  base  of  the  principal 
tooth  (Figure  10).  Differences  in  structure  in- 
clude the  lack  of  a  palpal  seopula  and  the  lack 
of  abdominal  ctenidia. 

Type  Locality:  Mali'  holotype  from  28  miles 
N  of  Mercury,  Nevada,  3  miles  \\'  of  Mercury 
Highway  on  April  20,  1961  (1BH20C),  in  the 
American  Museum  of  Natural  History,  New 
York  City,  New  York. 

Tlicrohalcs  utiiitus  new  species 

Figures  11  and  12 

Diagnosis:  Only  the  female  of  this  species 
is  known.  The  posterior  lobes  of  the  distinctive 
opercula  are  hooked  laterally  and  truncate.  This 
e.xact  condition  is  not  found  in  any  other  solpu- 


gid  of  this  genus  although  it  is  approximated 
in  the  opercula  of  T.  urciis.  Because  of  this 
similarity  this  species  is  placed  in  die  aicus 
group. 

Females:    Total   length   19.5  to  20.0  mm. 

Length  Width 

Chelicerae  3.7-4.1   mm.         1.6-1.7  mm. 

Propeltidium        2.0-2.1  3.1-3.2 

Palpi  12.0-12.0 

First  legs  9.0-9.0 

Fourth  legs        16.0-17.0 

Holotype  larger  measurements. 

Coloration  somewhat  faded  by  preservation 
but  color  and  markings  very  similar,  if  not 
identical,  to  that  of  T.  arcits. 

Dentition  worn  as  shown  in  Figure  11;  sim- 
ilar to  that  of  T.  mens  but  differing  by  having 
only  two  intermediate  teeth  on  the  movable 
finger  and  only  one  intermediate  tooth  between 
the  medial  and  anterior  tooth  on  the  fixed 
finger. 

There  are  no  papillae  on  the  metatarsus  of 
the  palpus  and  no  ctenidia  on  the  first  post- 
spiracular  abdominal  sternite. 

Opercula  of  genital  segment  as  shown  in 
Figure  12. 

Type  Locality:  Female  holotype  from  28 
miles  N  of  Mercury,  Nevada,  3  miles  W  of 
Mercury  Highway  on  April  27,  1961  (IBBIC), 
and  one  female  paratvpe  from  same  locality  as 
holotype  on  May  15,' 1961  (1BH25C),  both  in 
the  American  .Museum  of  Natural  History,  New 
York  City,  New  York. 

Hcnicrolrcclui  proxiiiia  new  species 
Figiu-es  13  to  17 

Diagnosis:  Males  are  distinguished  from 
H.  (Icjiticulatd  Muma  by  their  much  smaller 
size,  line-like  palpal  seopula  of  5  to  15  papillae, 
and  the  presence  of  onK  two  elongate  ctenidia 
on  the  first  post-spiracular  abdominal  sternite. 
Females  have  opercula  tliat  are  distinctive  in 
ha\'ing  knife-like,  straight-edged  posterior  lobes. 

Males:    Total  length  9.5  to  12.0  mm. 

Length  Width 

Chelicerae  2.0-2.3  mm.         0.7-0.9  mm. 

Propeltidium        0.9-1.2  1.2-1.6 

Palpi  11.5-14.5 

First  legs  8.5-11.0 

Fourth  legs        15..5-18.5 
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Holotype  larger  measurements. 

Color  and  markings  almost  identical  with 
those  of  H.  dcnticulata,  the  4  dusky  abdominal 
stripes  are  faint  on  the  3  males  seen. 

Dentition  as  shown  in  Figure  13,  very  sim- 
ilar to  that  of  H.  dciiliculata  except  the  fingers 
are  more  slender  and  elongate  and  the  anterior 
and  intermediate  teeth  of  the  mo\'able  finger 
are  greatly  reduced. 

Flagellum  complex  and  other  cheliceral 
setae  identical  with  those  of  H.  denticiihita. 
Propeltidial  length  to  width  ratio  1  to  1.3.  Me- 
tatarsal scopula  of  palpus  naiTow  and  line-like, 
composed  of  only  5  to  15  small  papillae.  Figure 

16.  First  post-spiracular  abdominal  sternite 
witli  2  elongate  etenidia.  Figure  14. 

Females:    Total  length   13.5  to  17.0  mm. 

Length  Width 

Chelicerae  3.4-4.1  mm.         1.2-1.6  mm. 

Propeltidium        1.6-1.8  2.4-2.6 

Palpi  13.5-14.5 

First  legs  10.0-11.0 

Fourth  "legs        lS..5-iy.O 

Allotype  smaller  measurements. 

Color  and  markings  same  as  on  male  except 
the  posterior  abdominal  tergites  are  pale. 

Dentition  of  chelicerae  as  shown  in  Figure 

17,  nearly  identical  widi  that  of  H.  denticuUita. 
Supernumerary  teedi  and  loss  of  teeth  are  com- 
mon. 

Structure  similar  to  that  of  male  except  there 
is  no  palpal  scopula  and  no  or  only  2  trace 
etenidia  on  the  first  post-spiracular  abdominal 
stemite. 

Opercula  of  genital  segment  of  abdomen  as 
showni  in  Figure  15. 

Type  Locality:  .Male  holotype  from  28  miles 
N  of  \Iercury,  Nevada,  3  miles  W  of  Mercury 
Higiiway  on  October  10,  1961  (1BH.30C).  Male 
paratA-pe  from  30  miles  N  of  Mercury,  Nevada, 
1  mile  \V  of  Rainier  Mesa  road  on  October  10, 

1960  (4AL4C).  Male  paratype  same  locality  as 
holot>pe  on  October  10,  1961  (IBIlllC).  Fe- 
male allotype  from  19  miles  N  of  Mercury, 
Nevada,  3.4  miles  VV  of  Mercury  Highway  on 
November  20,  1961  (6FJC).  Female  paratyi>e 
from  same  locality  as  hoIot\pe  on  October  26, 

1961  (1BH1.5C).  Holotype,'  allot)'pe  and  male 
paratope  in  American  Museum  of  Natural  His- 
tory, New  York  Cit)',  New  York.  Male  and  fe- 
male paratype  in  collection  at  Brigham  Young 
Uni\ersitv,  Provo,  Utah. 


Amuuiticchuld  dolahra  new  species 

Figures  18  and  19 

Diagnosis:  This  species  is  distinguished  by 
tlie  robust  untoothed  fixed  finger  of  the  chelic- 
erae and  the  lack  oi  serially  arranged  spines  on 
the  tibia  and  metatarsus  of  the  palpus. 

Males:  Total  length  10.5  to  11.0  mm.  Chelic- 
erae 0.7  to  0.8  mm.  wide  and  2.3  to  2.7  mm. 
long.  Propeltidium  1.9  to  2.0  mm.  wide  and  1.7 
to  1.7  mm.  long.    Holotype  larger  measurement. 

CJolor  light  yellow  with  purphsh-brown 
markings  as  follows:  chelicerae  with  one  dorsal 
and  one  ectal  diffuse  dusky  stripe;  propeltidum 
dark  except  for  a  narrow  median  stripe  and  the 
bases  of  the  spines;  mesopeltidium,  metapeltid- 
ium  and  abdominal  tergites  pale  on  anterior 
tliird  and  dusky  for  the  remainder  of  their 
length,  palpi  and  legs  dusky  e.xcept  on  co.xae, 
trochanters,  and  distal  portion  of  tarsi;  venter 
pale;  eye  tubercle  dark;  malleoli  pale. 

Dentition  as  shown  in  Figures  IS  and  19. 
Fi.xed  finger  and  fond  with  only  an  indication 
of  the  normal  teeth.  Dental  group  of  movable 
finger  occupies  less  than  one-third  of  the  length 
of  the  finger,  principal  tooth  slightly  larger  than 
anterior  tooth,  single  intermediate  tooth  closer  to 
anterior  tot)th.  Flagellum  as  on  A.  mulaiki  Muma 
except  the  lower  ciuled  margin  is  fringed,  at- 
tachment disc  over  area  normally  occupied  by 
the  first  fondal  tooth  of  the  mesal  row. 

Palpi  with  usual  clothing  of  long  h;urs,  short 
hairs  and  cyhnder  bristles  but  no  distinguish- 
able series  of  spines  on  femora,  tibiae  or  meta- 
tarsi. 

Chelicerae  slightly  more  than  3  times  as  long 
as  wide.  Propeltidium  wider  than  long  by  a 
ratio  of  1  to  1.1  Eyes  separated  by  less  than  a 
diameter. 

Type  Locality:  Male  holotype  from  Cane 
Springs,  12  miles  NNW  of  Mercury,  Nevada  on 
June  8,  1961  (CBAIOC)  and  male  parat>'pe 
from  9.3  miles  W  of  Mercury,  Nevada  on  May 
18,  1962  (JAAIC)  in  the  American  Museum  of 
Natural   History,  New  York  Cit)-,  New  York. 

AimiHitrechidti  laciiiui  new  species 

Figures  20  to  23 

Diagnosis:  This  species  resembles  A.  icas- 
haucri  Muma  in  the  male  cheliceral  profile  but 
has  the  metatarsus  and  tarsus  of  the  female 
palpus  pale  and  lacks  serially  arranged  spines  on 
the  palpal  tibia  and  metatarsus. 
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Male  Holotype:  Total  length  9.0  mm.  Che- 
licerat'  0.7  mm.  wide  and  2. .3  mm.  long.  Pro- 
peltidiiim  0.9  mm.  wide  and  0.7  mm.  long. 

Color  pale  yellow  with  dusky  purplish-brown 
markings  as  follows:  cheliterae  with  two  distinct 
dorsal  and  one  diffuse  lateral  stripes  that  are 
united  behind  flagellum  and  fond;  propeltidium 
dark  except  for  a  narrow  median  stripe  that  is 
surrounded  by  a  diffuse  ovate  area  and  the 
bases  of  the  spines;  mesopeltidium,  metapelti- 
dium,  and  abdominal  tergites  faintiv  dusky  on 
lateral  margins;  palpi  missing;  legs  dusky  on 
lateral  surfaces  on  the  femora,  tibiae  and  meta- 
tarsi; eye  tubercle  dark,   malleoli  pale. 

Dentition  of  chelicerae  very  similar  to  that 
of  A.  washaucri  Muma  except  the  fi.xed  finger 
is  slightly  sinuate  as  shomi  in  Figures  20  and 
21.  Flagellum  spatulate  with  mesal  curling  of 
lateral  margins  covering  much  of  mesal  surface, 
lower  margin  fringed  and  anterior  half  with 
abrupt  slope  to  tip. 

Palpi  missing,  clothing  unknown,  but  males 
and  females  usually  have  similar  clothing  so 
male  palpi  probably  lack  serially  arranged 
spines. 

Chelicerae  3.3  times  longer  than  wide.  Pro- 
peltidium wider  than  long  by  a  ratio  of  1  to  1.3. 

Female  Allotype:  Total  length  10.0  mm. 
Chelicerae  0.7  mm.  wide  and  2.5  mm.  long. 
Propeltidium  l.S  mm.  wide  and  1.6  mm.  long. 

Color  and  markings  same  as  on  male  ex- 
cept more  extensive  on  legs  extending  onto 
dorsal  surfaces  of  marked  segments,  palpi  dusky 
on  femora,  tibiae  and  basal  margin  of  meta- 
tarsi and  abdominal  markings  are  more  distinct. 

Dentition  typical  of  Ammotrecliinae  as 
shown  in  Figure  22,  with  dorsal  carina  attain- 
ing a  {>eak  over  first  fondal  tooth  of  ectal  row. 

Palpi  with  the  usual  clothing  of  long  and 
short  hairs,  but  with  few  cylinder  bristles  and 
no  series  of  paired  tubular  spines  on  the  femora, 
tibiae  or  metatarsi. 

Chelicerae  3.5  times  longer  than  wide.  Pro- 
peltidium wider  than  long  bv  a  ratio  of  1  to  1.1. 
Genital  plate  wider  than  long  by  a  ratio  of  1 
to  1.3,  Figure  23. 

Type  Locality:  Male  holotype  from  34.5 
miles  N  of  Mercury,  Nevada,  1/2  mile  E  of 
Groom  Lake  road  on  June  26,  1961  (10DL4C), 
and  female  allotype  from  Cane  Springs,  12  miles 
NNW  of  Mercury,  Nevada  on  June  20,  1961 
(CBA2C),  both  in  American  Museum  of  Natur- 
al History,  New  York  City,  New  York. 


New  Synonymies 

The  systematic  year-round  trapping  of  sol- 
pugids  at  Mercury  has  resulted  in  the  collection 
of  numerous  specimens  of  species  originalK'  de- 
scribed from  limited  material.  These  additional 
specimens  have  indicated  errors  in  the  associa- 
tion of  sexes  involving  3  previously  described 
species.  The  valid  names  and  synonyms  are 
listed  below. 

Thcrohatcs  cunicroncihsis  Muma,  1951,  Bull. 
Amer.  Mus.  Nat.  Hist.  Vol.  97,  art.  2,  p.  90, 
Figs.  157-161  (male).  Synonym:  Therobates  ar- 
cclliis  Muma,  1962,  Amer.  Mus.  Novitates,  No. 
2092,  pp.   13-14,  Fig.  71   (female  not  male). 

Tlwrobafes  biclcsprcsstis  (Muma),  1951,  Bull. 
Amer.  Mus.  Nat.  Hist.  Vol.  97,  art.  2,  p.  105, 
Fig.  210  (female).  Synonyms:  Hemerotrecha 
bidepressa  Muma,  1951,  Bull.  Amer.  Mus.  Nat. 
Hist.  Vol.  97,  art.  2,  p.  105,  Fig.  210  (female). 
Therobates  arceUus  Muma,  1962,  Amer.  Mus. 
Novitates,  No.  2092,  pp.  13-14,  Figs.  68  to  70 
( male  not  female ) . 

Biological  Notes 

All  of  the  solpugids  collected  during  the 
study  were  taken  in  can  traps  in  a  900  square 
mile  area  as  described  by  Allred  et  al.  (1963). 
It  may  be  assumed  that  such  a  collecting  meth- 
od and  procedure  should  result  in  an  adequate 
sampling  of  a  population  of  cursorial  predatory 
arachnids  such  as  solpugids.  On  the  basis  of 
such  an  assumption  the  number  of  sexually 
mature  adults  of  12  common  species  were  ar- 
ranged in  Table  1  according  to  sex  and  month 
of  collection. 

From  the  results  obtained  it  is  possible  to 
deduce  several  general  facts  concerning  the 
biology  of  common  solpugids  in  the  Mercury 
area. 

First,  the  unimodal  peak  abundance  of  adults 
in  a  two-  to  four-month  period  of  time  for  most 
species  indicates  an  annual  life  cycle.  If  de- 
velopment from  egg  to  adult  required  less  than 
one  year  or  two  or  more  years,  there  would  be 
an  overlapping  of  generations  which  would  re- 
sult in  more  than  one  peak  abundance  of  adults 
during  a  vear  or  the  collection  of  adults  during 
most  months.  Second,  the  adults  of  most  species 
have  a  limited  longevity.  This  is  indicated  by 
the  fact  that  they  mature,  mate,  lay  eggs,  and 
disappear  in  a  60-  to  24()-clav  period  of  time. 
Third,  for  most  species,  copulation  takes  place 
as  soon  as  the  females  mature.  This  is  indi- 
cated  by   the  earlier  appearance,  peak  abund- 
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ance  and  disappearance  of  males.  Fourth,  most 
species  pass  the  winter  as  sub-adults  and  com- 
plete development  in  the  spring  or  early  sum- 
mer. Adults  are  collected  mainly  in  the  spring 
and  summer. 

Because  the  calculated  ratio  of  males  per 
female  varied  widely  within  the  12  species,  no 
generality  can  be  expressed.  Many  factors  in- 
herent in  the  biology  of  arthropods  result  in 
differences  in  the  ratio  of  the  sexes.  The  best 
known  of  these  are  specifically  different  fertil- 
ization recjuirements,  the  production  of  males 
from  unfertilized  eggs, .  the  production  of  fe- 
males from  unfertilized  eggs,  the  overproduc- 
tion of  males  in  widely  dispersed  species,  and 
the  underproduction  of  males  in  colonial  species. 
Further,  it  is  realized  that  a  trap  and  removal 
method  of  population  sampUng  may  result  in 
the  disproportionate  or  even  e.vclusive  collection 
of  one  se.v  owing  to  differences  in  the  biologi- 
cal requirements  of  the  two  se.xes.  Solpugids 
are,  however,  predominately  nocturnal,  cursorial 
predators,  a  condition  in  which  a  se.xual  dis- 
persion and  equal  prey  searching  activity  of 
the  se.xes  may  be  inferred.  Males  of  trap  build- 
ing, nest  building  or  ambush  iirthropods  are 
generally  more  liable  to  trap  collection  than 
females  owing  to  mate-searching  ac-tivity.  In 
solpugids,  however,  the  earlier  maturity  of  males 
would  seem  to  contraindicate  a  special  mate- 
searching  period.  All  of  these  facts  are  consid- 
ered in  the  discussions  of  the  biological  impli- 
cations of  the  sex  ratios  of  common  Mercury 
solpugids. 

Specific  biological  information  may  also  be 
gleaned  from  Table  1.  This,  along  with  ecolog- 
ical data  kindly  furnished  by  Dr.  Allred  and 
Dr.  Beck,  is  presented  and  discussed  in  the  fol- 
lowing paragraphs  dealing  with  the  12  most 
common  species  in  the  Mercury  area. 

Solpugids  were  trapped  in  all  6  of  the  spe- 
cific plant  communities  and  the  mixed  com- 
munities recognized  by  Allred  ct  al.  (196.3). 
They  were,  however,  common  only  in  the  Des- 
ert Scrub  Type,  Lanea-Franscria,  Gniyia-Lij- 
ciiim,  Atiiplex-Kochia,  Colcogijne,  and  Salsola, 
and   Mixed  communities. 

Among  the  12  species  of  solpugids  rated  as 
common  in  this  paper  by  far  the  greater  num- 
ber of  individuals  and  all  but  one  species  were 
taken  in  the  Craijia-Li/ciiim  community.  Lanea- 
Fniiiscria  and  Suhola  communities  were  second 
and  third  respectively  in  number  of  individuals 
and  species.  Within  these  communities  a  pre- 
ponderant number  of  solpugids  were  trapped 
in  association  with  the  specific  plant,  Sahohi 
kali.    This  plant,  commonly  known  as   Russian 


tliistle,  is  a  well-known  invader  of  waste  areas 
and  at  the  Nevada  Test  Site  is  common  at  and 
around  ground  zero  of  old  bomb  sites.  Such 
an  association  of  predators  with  a  specific  plant 
type  may  be  either  direct  or  indirect.  Solpugids 
may  congregate  in  wastelands  to  pre\'  upon  the 
arthropods  therein  or  they  may  congregate 
around  1-lussian  thistle  for  the  thistle-associated 
animals. 

Eremorhax  pulcher  Muma:  This  species 
matures  in  June  and  July  with  the  peak  abun- 
dance of  adults  occurring  in  June.  It  apparent- 
ly passes  the  winter  in  a  half-grown  condition 
and  completes  development  in  the  spring.  The 
short  period  of  adult  collection  suggests  an 
adult  longevity  of  less  than  60  days.  A  sex- 
ratio  of  1  male  to  3  females  indicates  a  single 
fertilization  requirement  for  tlie  species  with 
males  capable  of  copulation  with  several  fe- 
males or  the  production  of  males  from  unfertil- 
ized eggs. 

Although  commonly  taken  in  Larrca-Fran- 
scrui,  Salsola  and  Graijki-Lijcium  corrununities, 
this  species  is  most  frequently  associated  witli 
Russian  thistle. 

Ercmobutcs  zinni  Muma:  Although  the  col- 
lection of  11  females  in  July  and  August  in- 
dicates late  summer  maturity  of  a  partheno- 
genetic  species,  males  are  known,  and  it  is 
probable  that  the  females  require  only  one 
fertilization  or  females  are  produced  from  un- 
fertilized eggs.  The  species  apparently  o\'er- 
winters  as  partly-grown  nymphs.  A  short  adult 
longe\'ity  is  suggested  by  die  two-mondi  col- 
lection period. 

This  species  is  associated  almost  exclusively 
with  Russian  thistle  in  the  GrayUi-Lijcium  com- 
munitv. 

Ercmobatcs  scopukitiis  Murna:  The  14  col- 
lected adults  of  this  species  were  taken  in  May, 
June,  and  Jul\'  witii  the  onh'  males  and  largest 
number  of  females  being  trapped  in  May.  The 
adults  probably  live  less  than  three  months 
with  males  shorter  lived  than  females.  Late 
spring  or  earlv  simimer  maturity  indicates  that 
the  species  overwinters  in  a  late  nymphal  stage. 
The  low  ratio  of  1  male  to  3  females  suggests 
a  single  fertilization  re(|uirement  or  the  pro- 
duction of  males  from  unfertilized  eggs. 

This  species  is  commonly  associated  with 
Russian  thistle  in  Graifki-Lyciiint   communities. 

Ercniobates  iikh  iiidnti.s  (Roewer):  Tliis 
species  matures  in  .March,  .'\pril.  May,  and  June 
with  the  peak  abundance  of  adults  occurring 
in  April  and  May.    The  two-month  adult  abun- 
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danco  period  .sugge.sts  an  adult  longevity  ot 
60  days  or  le.s.s.  The  speeies  apparently  passes 
the  winter  in  a  late  or  penultimate  instar.  A 
preponderance  of  more  than  2  males  to  every 
female  mav  indicate  a  multiple  copulation  re- 
(juirement  for  egg  fertilization  althougli  it  is 
possilile  tiiat  the  females  are  more  sedentary 
and  less  liable  to  being  trapped. 

Si.xty-five  percent  of  the  collected  specimens 
of  this  species  were  taken  in  the  Atiiplcx- 
Kucliia  commimit\'. 

Thcrohufca  camenmcn.si.s  Mnma:  Although 
adults  of  this  species  were  taken  in  May,  June, 
JuK',  and  August,  50  of  the  68  specimens  were 
trapped  in  Jul\-  and  August,  which  suggests  late 
summer  maturity  For  tiiis  reason  tiie  majorit)- 
of  individuals  probably  pass  the  winter  in  a  half- 
grown  condition.  Adults  probably  do  not  live 
longi-r  than  90  days.  The  ratio  of  3  females  per 
male  indicates  a  single  copulation  re(|uiremciit 
for  egg  fertilization  or  the  production  of  males 
from  unfertilized  eggs. 

The  collections  of  this  species  do  not  indi- 
cate an  association  with  anv  specific  plant  com- 
munity or  type.  Over  85  percent  of  the  speci- 
mens were  taken  in  tlie  flats. 

Thcrubatc^  pUcatiis  Muma:  Adults  of  this 
species  were  taken  in  May,  June,  Julv,  and 
August,  but  fl  of  16  specimens  were  collected 
in  July.  This  midsummer  maturity  indicates 
that  the  species  passes  the  winter  in  a  half- 
grown  condition.  The  short  period  of  peak 
abundance  also  suggests  an  adult  longevity  of 
less  than  30  days.  A  se.x  ratio  of  2  females  per 
male  infers  a  limited  copulation  recjuirement  or 
the  production  of  males  from  unfertilized  eggs. 

Collections  of  this  species  indicate  a  strong 
association  with  Russian  thistle  in  Craijia-Lij- 
ciiim  communities. 

Tlicrobates  bidepresstis  (Muma):  This  spe- 
cies matures  in  .April  and  Ma\-,  wliich  makes  it 
probable  that  it  overwinters  in  a  late,  possibly 
penultimate  instar.  A  short  adtilt  longevity  is 
suggested  bv  the  two-month  maturitv  period. 
A  sex-ratio  of  2  females  per  male  probablv  in- 
dicates a  limited  copulation  re(juirement  for  egg 
fertilization. 

Although  55  percent  of  tlie  collections  of 
this  species  were  from  a  Craijia-Lijciuin  com- 
munity, there  was  no  strong  association  with 
any  specific  plant  tvpe. 

Hcmcmtrcclui  dcnticulalu  Muma:  In  the 
limitetl  number  of  adults  taken,  this  species 
exhibited    no   peak   adult   abundance.    The  col- 


lection ot  adults  trom  October  through  May 
does,  however,  demonstrate  that  the  species 
ovt-rvv  inters  in  the  adult  form,  which  is  prob- 
ably especially  long-lived  for  solpugids.  The 
ncarl)-  e(|ual  ratio  of  the  sexes  either  indicates 
a  multiple  copulation  re(juirement  for  egg  fert- 
ilization or  possibly  is  a  biological  buffer 
against  winter  mortality  of  the  early  maturing 
males. 

Ninety  percent  of  the  specimens  of  this 
species  were  taken  in  association  with  Russian 
thistle  in  Sahvla  or  Grai/ia-Lijcium  commun- 
ities. 

Hcnicrofiecha  proxima  Muma:  All  9  of  the 
collected  specimens  of  this  species  were  taken 
in  October  and  November  with  the  peak 
abundance  occurring  in  October.  It  is  possible 
that  the  species  passes  the  winter  as  an  adult, 
but  the  lack  of  spring-collected  adults  indicates 
a  short  lived  adult  and  an  overwintering  egg 
or  early  instar.  A  1  to  3  ratio  of  males  to  fe- 
males indicates  a  single  fertilization  require- 
ment. 

Six  of  9  specimens,  66  percent,  of  this  spe- 
cies were  taken  in  Grai/ia-Li/cittm  plant  com- 
munities  with  no  specific  plant  association. 

Hemcioticcha  calif oinica  (Banks):  Adults 
of  this,  the  prevalent  species,  were  taken  from 
April  through  August  but  nearly  70  percent  of 
the  speciniens  were  collected  during  June.  Early 
summer  maturity  indicates  that  the  species  pas- 
ses the  winter  in  the  mid  to  late  instars.  The 
short  period  of  peak  adult  abundance  indicates 
that  adults  may  not  live  longer  than  30  days. 
A  sex  ratio  of  nearlv  2  males  per 'female  may 
indicate  a  multiple  copulation  requirement  for 
egg  fertilization,  but  the  species  is  known  to 
l>e  diiunal  and  arboreal,  which  may  have  re- 
sulted in  stratal  escape  of  females  from  the  can- 
traps  used  to  sample  cursorial  populations. 

Collections  of  this  species  indicate  no  spe- 
cific plant  type  or  community  association. 

Heinerotreclia  scrnita  Muma:  This  species 
matures  in  June,  Julv,  August,  and  September 
v\ith  the  peak  adult  abundance  occurring  in 
July  and  August.  The  late  summer  maturitv 
indicates  that  the  species  passes  the  winter  in 
the  early  instars.  The  two-month  period  of 
atlult  abundance  infers  a  longevity  of  up  to  60 
days.  A  sex  ratio  of  more  than  one  male  to 
every  female  suggests  a  multiple  copulation  re- 
(juirement. 

Collections  of  this  species  were  divided 
among  several   communities  and  plant  types. 
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Branchia  potens  Muma:  Although  adults  of 
this  species  were  collected  in  June,  July,  and 
August,  20  of  21  specimens  were  taken  in  June 
and  July.  This  short  period  of  adult  abundance 
indicates  a  longevity  of  less  than  60  days.  Mid- 
summer maturity  probably  means  that  the 
species  passes  the  winter  in  a  half-grown  con- 
dition. The  nearly  equal  ratio  of  males  and 
females  suggests  a  multiple  copulation  require- 
ment for  egg  fertilization. 

This  species  is  not  associated  with  any  spe- 
cific plant  community  or  type. 

Summary 

Study  of  nearly  1,000  specimens  of  solpugids 
collected  in  1960,  1961,  and  1962  from  Mercury, 
Nevada,  resulted  in  the  identification  and  place- 
ment of  395  adults  in  28  species.  Eight  new 
species  are  described  and  figured.  Two  new 
synonymies,  resulting  from  proper  association 
of  males  and  females,  are  cited.  Study  of  the 
seasonal  distribution  and  relative  abundance  of 
the  sexes  of  12  common  species  has  prompted 
general  and  specific  deductions  concerning  the 


essentially  unknown  biology  of  North  American 
solpugids.  Systematic  collection  data  furnished 
ecological  information  concerning  the  12  com- 
mon species. 

Literature  Cited 

Allred,  Dorald  M.,  D  Elden  Beck  and  Clive  D. 
Jorgensen.  1963.  Biotic  communities  of 
the  Nevada  test  site.  Brigham  Young  Univ. 
Sci.  Bull,  Biol.  Ser.  2(2):  1-52. 

Allred,  Dorald  M.,  D  Elden  Beck  and  Clive  D. 
Jorgensen.  1963a.  Nevada  test  site  study 
areas  and  specimen  depositories.  Brigham 
Young  Univ.  Sci.  Bull,  Biol.  Ser.  2(4):  1-15. 

Muma,  Martin  H.,  1951.  The  arachnid  order 
Solpvigida  in  the  United  States.  Bull.  Amer. 
Mus.  Nat.  Hist.  Vol.  97,  art.  2,  pp.  35-141, 
Figs.  1-316. 

Muma,  Martin  H.  1962.  The  arachnid  order 
Solpugida  in  the  United  States,  Supplement 
1.  Amer.  Mus.  Novitates  No.  2092,  pp.  1-44, 
Figs.  1-75. 


Biological  Series,  Vol.  3,  No.  2,  August,  1963 


11 


7  8 

Figures   1-3.    Eremorhax  pulcher,  new  species     1.  Ectal  view    right    male    chelicera.     2.    Mesal    view    fi.\ed    finger 
right   male    chehcera.     3.    Ventral   view   female   genital  opercula. 

Figures  4-6.    Ercmohtites  vicinu.s-,  new  species.    4.  Ectal  view  right  male  chelicera.    5.  Mesoventral  \  icw  apical  seg- 
ments,  male  palpus.   6.   Male   aluliiniiiial  cteiiicla. 


Figures  7,  8.    Theohutes  flexiicus,  new  species.    7.  Ectal  \  icw  right   male  chelicera.    8    .Male  abdominal  ctenidia 
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Figure   9.     Therobates  flexacus,  new  species,   mesoventral  view  male  palpus. 
Figure  10.    Therobates  nudus,  new  species,  ectal  view  right  male  chelicera. 

Figures  11,  12.    Therobates  attritus,  new  species.    11.  Ectal   view   right  female  chelicera.     12.  Ventral  view  female 
genital  opercula. 

Figures  13-15.    Hemerotrecha  proxima,  new  species.    13.  Ectal  view  right  male  chelicera.    14.  Male  abdominal  cten- 
idia.     15.   Ventral   view   female  genital   opercula. 
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Figures    16,    17     Hemewtreclia  proxima,  new  species.    16.  Mcsovciitral  view  apie;il  segments  male  palpus.    17.  Ectal 
view   right   female   chelicera. 

Figures    18,    19,    Atnmotrcchul)i  lUihilna.  new  species.     18.  Ectal    view    rinht  male  dn  liccra.     19    Mesal   view  same. 


Figures  2(i-'23.    Ammotrci  liiila  lacuna,  new  species.    20.   Ftlal  view  right  male  chelicira.    21.  Mesal  view  same.    22. 
tctal  view  right  fem.'le  chelicera     23.  \entral  view  female  genital  opercula. 
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REPTILES    OF    THE    NEVADA   TEST   SITE 


INTRODUCTION 


Since  the  Brigham  Young  University  ecologi- 
cal studies  at  the  Nevada  Test  Site  began  in 
1959,  twenty-nine  species  of  reptiles  have  been 
taken.  These  include  one  tortoise,  thirteen  liz- 
ards, and  fifteen  snakes. 

Tlie  data  presented  in  this  study  were  gath- 
ered by  a  number  of  workers  while  research 
was  being  done  on  the  biotic  communities  of 
the  Nevada  Test  Site  (Allred,  Beck  and  Jor- 
gensen,  196.3);  thus,  this  report  conforms  gen- 
erally with  the  principal  objectives  of  the  major 
project. " 

In  analyzing  the  available  data  we  have 
been  concerned  primarily  with  a  description,  and 
where  feasible,  a  discussion  of  the  geographic 
and  ecological  distribution,  external  morphology 
as  related  to  taxonomic  identification,  system- 
atic position  of  subspecies,  and  seasonal  occur- 
rence for  each  reptile  species.  For  some  species, 
especially  Ufa  s.  stcinshuriana  and  Cncmidoph- 
orus  t.  tigiis,  information  on  certain  aspects  of 
their  biology  is  available.  This  is  summarized 
under  four  subheadings:  Seasonal  Fluctuations, 
Population  Densities,  Survival,  and  Growth  Rate. 

During  the  course  of  this  study  and  in  the 
preparation  of  this  report  we  have  taken  data 
from  the  preserved  collection  numbering  ap- 
proximately 700  specimens,  and  from  field  rec- 
ords and  observations.  Unfortiniately,  time  has 
not  permitted  a  study  of  the  biology  of  all  the 
species. 

The  importance  of  the  biology  of  desert  rep- 
tiles has  been  indicated  by  Cowles  and  Bogert 
(1944),  Bogert  (1948),  Woodbury  and  Hardy 
(1948),  Fitch  (1949),  Tanner  (1957),  Tinkle 
(1961),  and  Banta  (1963)  to  mention  a  few, 
and  each  has  suggested  different  approaches  to 
the  gathering  of  such  data. 

Only  a  few  reptiles  have  been  taken  from 
the  Nevada  Test  Site  prior  to  the  present  report. 
Insofar  as  is  known,  Linsdale  (1940)  provided 
the  most  complete  account  of  Nevada  reptiles 
and  included  material  from  and  in  the  near  vic- 
inity of  the  area  now  occupied  by  the  test  site. 

The  earliest  reptile  collections  probably  were 
made  by  members  of  the  railroad  surveys  con- 
ducted from  about  1850  to  1859.  Although 
these  surveys  crossed  several  parts  of  Nevada, 


there  is  no  record  that  their  personnel  collected 
in  the  vicinity  of  Nye  County.  The  geological 
and  geographical  surveys  from  1867  ( King  sur- 
vey with  Robert  Ridgway  as  zoologist)  to  1878 
(Wheeler  survey  with  H.  C.  Yarrow  and  H.  W. 
Henshaw  as  zoologists)  returned  many  reptiles 
to  the  U.  S.  National  Museum.  Most  of  the  speci- 
mens taken  were  from  northern  and  central 
Nevada  or  from  areas  in  southeastern  Nevada 
along  the  trails  to  California.  The  most  com- 
prehensive reports  were  written  or  at  least  di- 
rected by  S.  F.  Baird.  Such  reports  as  that  of 
Stansbury  (Report  of  the  E.xpedition  to  the 
Great  Salt  Lake,  Baird,  1852),  the  Wheeler  Sur- 
vey (Yarrow,  1875),  the  survey  of  the  territory 
west  of  the  100th  Meridian  (Yarrow  and  Hen- 
shaw, 1878),  and  the  Deadi  Valley  Expedition 
(prepared  by  L.  H.  Stejneger,  1893)  are  the 
most  pertinent  of  the  early  field  expeditions 
which  have  taken  reptiles  in  either  the  Artemis- 
ian  Biotic  Province  or  the  Mohavian  Province, 
both  of  which  occur  at  tlie  Nevada  Test  Site. 
The  major  study  by  Cope  (1900)  lists  the  rep- 
tiles taken  by  the  early  expeditions  which  were 
deposited  in  the  U.  S.  National  Museum.  Based 
on  this  report,  the  closest  records  to  the  Test 
Site  were  those  taken  in  Pahranagat  Valley  in 
Lincoln  County,  Vegas  Valley  in  Clark  County, 
Ash  Meadows  in  southern  Nye  County,  Nevada, 
and  Inyo  County,  Cahfomia. 

Since  1900,  specimens  have  been  reported 
from  Current  in  northwestern  Nye  County 
(Bentley,  1918).  Records  from  Vegas  Valley, 
Pahrump  Valley,  Amargosa  Desert  and  Railroad 
Valley  were  reported  by  Van  Denburgh  (1922). 
Actual  collecting  on  the  test  site  before  1959 
was  limited.  Only  a  few  sj>ecimens  actually 
reached  collections  and  only  part  of  these  have 
been  reported.  In  1921,  Van  Denburgh  and  Sle- 
vin  published  what  appears  to  be  the  first  list 
of  amphibians  and  reptiles  for  Nevada. 

The  major  part  of  the  test  site  is  in  the  Great 
Basin.  A  general  map  (prepared  by  the  U.  S. 
Gcol.  Surv.  Water  Resources  Development  U.  S. 
Map,  19.53)  used  by  Banta  (1963:254)  outhnes 
the  limits  of  the  Great  Basin.  We  question  the 
accuracy  of  the  eastern  boundary  in  Nye  Coun- 
ty which  would  not  include  Groom,  Yucca  and 
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Frenchman  valleys  in  the  Great  Basin.  Speci- 
mens used  in  this  report  were  taken  primarily 
from  Yucca  and  Frenchman  flats  ( our  use  of  the 
term  "flats"  includes  all  of  the  valley  draining 
into  the  playa),  and  areas  to  the  west  (Jackass 
Flats  and  Rainier  Mesa),  all  of  which  are  within 
the  Great  Basin. 

The  Nevada  Test  Site  is  geographically  sit- 
uated so  as  to  include  elements  of  the  Mohave 
Desert  biotic  communities  plus  elements  of  the 
Great  Basin  Desert  communities.  Its  position  is 
briefly  discussed  by  Allred  et  al.  (1963:11,  fig. 
1 ) ;  however,  the  relationships  between  biotic 
communities  and  the  distribution  of  some  rep- 
tiles are  so  clearly  shown  in  the  data  that  addi- 
tional explanations  will  be  helpful.  A  factor 
also  not  widely  known  and  of  some  importance 
to  distribution  is  the  divided  drainage  of  the 
area  southeast  of  the  test  site.  This  area  drains 
eastward  through  Indian  Springs  Valley  to  the 
Colorado  River. 

This  combination  of  physical  and  biological 
factors  is  probably  responsible  for  the  south- 
ward extension  of  the  Great  Basin  fauna  along 
the  higher  ridges  and  mesas  (e.g.  Eumeces  skil- 
tonianus  and  Ma.sticophis  t.  taeniatus)  and  the 
northward  extension  of  the  Mohave  fauna  along 
the  low  valleys  (e.g.  Phyllvrhynchtis,  Masticophis 
f.    piceus,    Chioiuictis   and    Colcomjx,    to   list   a 


few).  This  interdigitation  of  faunas  plus  the 
more  widespread  species  (SceJopo-rus  occiden- 
talism Uta  stansbiiriana,  Phijrnosoma  platijrhinos, 
etc. )  has  given  this  rather  small  area  a  most  in- 
teresting reptile  fauna.  The  Nevada  Test  Site 
reptiles  are,  as  indicated  above,  basically  de- 
rived from  (1)  Great  Basin  fauna,  (2)  Mohave 
Desert  fauna,  and  (3)  a  group  seemingly  ubi- 
(juitous  to  both  deserts. 

Recent  authors  ( Linsdale,  1940;  Smith,  1946; 
Stebbins,  19.54)  have  indicated  the  general  geo- 
graphic distribution  of  the  reptiles  of  southern 
Nevada  based  primarily  on  small  samples  usually 
taken  from  localities  to  the  east  or  west  of  the 
test  site.  These  small  and  often  widely  separ- 
ated samples  have  made  the  accurate  establish- 
ment of  distribution  ranges  speculative.  It  is  un- 
derstandable that  adjustments  of  the  boundaries 
for  species  and  subspecies  must  be  made  to  in- 
clude the  added  samples.  There  is  perhaps  a 
much  greater  adherence  to  the  geographic  pro- 
vinces (Great  Basin  or  Colorado  River  drain- 
age) and  the  biotic  communities  (Upper  or 
Lower  Sonoran,  Artemisian  or  Mohavian;  see 
Allred  et  al.,  1963)  than  has  been  previously  sus- 
pected. We  have  not  attempted  to  set  up  boun- 
daries or  limits  on  distribution  ranges  but  have 
listed  in  the  species  account  our  findings  and 
where  possible,  the  biotic  communities  which 
serve  as  the  basic  habitat. 


METHODS  AND  ACKNOWLEDGMENTS 


The  basis  for  ecological  distribution  and  sea- 
sonal occurrenc-e  at  the  Nevada  Test  Site  has 
been  established  by  Allred  et  al.  (1963),  in 
which  the  plant  communities  are  defined  and 
the  animal  species  when  possible,  associated 
with  them.  Methods  used  to  collect  and  study 
reptiles  were  discussed  only  briefly  and  will 
therefore  be  clarified  later  in  this  paper. 

Extensive  hand  collecting  was  done  in  the 
plant  communities  defined  by  Allred  ct  al. 
(1963),  as  well  as  in  many  of  the  transition  and 
mountainous  areas.  Sight  records  were  also  kept 
of  those  species  which  were  readily  identified 
in  the  field.  These  records  are  also  accompanied 
by  observations  of  the  ecological  conditions  at 
each  general  locality. 

Study  plots  were  maintained  in  all  of  the 
major  plant  communities  to  obtain  data  on  sea- 
sonal occurrence  and  relative  reptile  abundance. 
Lizards  and  some  small  snakes  were  collected 
in  the  study  plots  by  means  of  sunken  can  traps. 
Each  trap  consists  of  an  outer,  galvanized  sheet 


metal  sleeve,  seven  inches  in  diameter  and  14 
inches  long,  and  a  stainless  steel,  flanged  insert 
of  a  slightlv  smaller  size.  Records  were  kept  in 
the  study  plots  for  at  least  13  months,  thus  pro- 
viding for  seasonal  observations  during  a  con- 
tinuous period. 

The  line  transects  radiating  outward  from  a 
central  point  (ground  zero)  were  used  to  es- 
tablish the  relative  effects  of  a  nuclear  detona- 
tion on  animal  populations.  Can  traps  were  bur- 
ied at  stations  80.49  m  ( 264  ft. )  apiirt  along  four 
transects  extending  2.42  km.  (1.5  miles)  from 
groimd  zero.  The  number  and  kinds  of  reptiles 
trapped  at  each  station  were  recorded,  and  the 
results  correlated  with  the  vegetation  analysis 
to  determine  the  relative  effect  of  disturbance 
resulting  from  nuclear  weajxins  testing.  Popula- 
tion densities,  home  range  and  other  population 
characteristics  were  investigated,  \Ye  were  aided 
in  this  b)'  a  grid  of  sunken  can  traps  (Fig.  1). 
This  particular  grid  has  been  aderjuately  de- 
scribed by  Jorgensen  and  Tanner  (1963).  It  was 
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used  for  a  capture-recapture  study  in  whicli  sev- 
eral population  characteristics  were  investigated. 

Vegetation  was  analyzed  by  the  line  inter- 
cept method  (Jorgensen,  1963)  in  all  cases 
where  detailed  vegetation  analysis  was  con- 
sidered important.  This  includes  most  seasonal 
study  plots,  the  radiating  transect  study,  and 
the  grid  study.  The  methods  of  analysis  will 
be  presented  with  the  results. 

We  are  indebted  to  the  many  students  and 
others  who  have  aided  in  securing  the  speci- 
mens and  recording  the  field  data.  We  are  par- 


ticularly grateful  to  Drs.  Dorald  M.  Allred  and 
D  Elden  Beck  for  the  privilege  of  working  up 
these  data  and  for  their  many  courtesies  in  secur- 
ing the  needed  information;  and  to  Mr.  Arnold 
M.  Orton,  who  as  a  former  student  assistant  was 
assigned  to  work  with  the  reptiles  at  tlie  test 
site.  His  diligence  aided  greatly  in  providing 
many  details.  As  in  many  such  studies,  certain 
species  are  often  scarce  and  difficult  to  secure; 
we  are,  therefore,  grateful  to  Mr.  Joseph  R.  Lan- 
nom,  Jr.,  University  of  California,  Los  Angeles, 
for  the  live  specimens  made  available  in  the 
spring  of  1963. 
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Fig.   1.  Grid  in  which  population  parameters  were  determined  for  Uta  stanshuriana  and  Cnemidophorus  tigris, 
showing  vegetation  and  station  locations. 
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CLIMATE 


The  general  climatic  conditions  at  the  Ne- 
vada Test  Site  have  been  summarized  by  Allred 
et  al.  (1963).  Climatic  factors  which  probably 
affect  reptile  activity  most  are  temperature  and 
precipitation.  We  will  discuss  these  in  more  de- 
tail below. 

Allred  et  al.  { 1963 )  stated,  "The  summers  at 
the  test  site  are  long  and  hot  and  the  winters 
short  and  mild.  The  highest  temperature  re- 
corded at  the  test  site  was  112°F  in  July,  1958, 
at  Jackass  Flats,  and  a  minimum  of  3°  in  Jan- 
uary, 1959,  at  Yucca  Flat.  The  average  ma.xima 
and  minima  vary  with  the  location,  from  64° 
to  77  °F  ma.ximum  and  39°  to  52°  F  minimum 
.  .  .  Diurnal  temperature  changes  tjqiical  of  des- 
ert regions  fluctuate  as  much  as  51°  on  clear 
days,  but  may  not  differ  more  than  20°  on 
cloudy,  windy  days."  The  temperature  data  for 
1960  (Richter,  1960)  are  summarized  in  Table  1. 
This  is  a  composite  table  of  averages,  taken  from 
the  results  of  six  sampling  stations  by  Richter, 
but  with  larger  differences  usually  present  at  the 
separate  sampling  station. 

Precipitation  was  stated  by  Allred  et  al. 
(1963)     to    be    primarily    during    the    winter 


months  (Dec,  Jan.,  and  Feb.),  with  64  percent 
of  the  precipitation  faUing  during  this  period. 
The  season  of  least  precipitation  is  from  spring 
through  early  summer  (March,  April,  May,  and 
June ) .  The  composite  table  of  precipitation  ( Ta- 
ble 2)  demonstrates  the  seasonal  distribution  of 
precipitation  at  the  test  site. 

Tables  1  and  2  give  only  an  indication  of  ac- 
tual conditions.  Generally,  annual  cycles  at  the 
test  site  as  in  other  deserts  tend  to  deviate  from 
the  mean.  The  averages  then,  are  not  to  be  con- 
strued to  indicate  what  might  be  expected  dur- 
ing a  single  season.  Averages  are  perhaps  not 
ordinarily  the  limiting  factors  in  distribution  and 
activity  of  organisms.  The  limiting  factors  are 
more  likely  to  occur  at  the  extreme  deviations 
from  the  mean. 


PLANT  COMMUNITIES  AND  ANIMAL 
ASSOCIATES 

Since  the  test  site  is  situated  in  the  transi- 
tion between  major  biotic  provinces,  there  are 
many  plant  communities  each  with  a  diverse 
fauna  and  flora.  Each  plant  community  has  been 
defined  and  delineated  by  Allred  et  al.  (1963), 


Table  1.  Composite  temperature  results  for  six  sampling  stations  at  the  Nevada  Test  Site  for 
1960  (after  Richter,  1960). 


Temperature 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Avg.  Temperature 

42 

44 

47 

56 

62 

74 

79 

77 

71 

58 

47 

46 

59 

Maximum^ 

50 

49 

52 

60 

67 

80 

85 

81 

77 

66 

51 

48 

63 

Minimum'' 

33 

36 

34 

50 

54 

66 

72 

70 

58 

41 

36 

39 

49 

Avg.  Range 

20 

19 

22 

25 

25 

27 

26 

25 

26 

24 

22 

23 

24 

Maximum 

29 

27 

30 

34 

34 

37 

34 

36 

37 

38 

33 

37 

35 

Minimum 

13 

12 

17 

17 

18 

19 

18 

17 

18 

15 

13 

12 

16 

''The  maximum  and  minimum  values  are  not  the  extremes  for  the  month,  but  the  averages  of  the  six  sampling 
stations  included  in  a  composite  table. 

Table  2.  Composite  precipitation  of  all  sampling  stations  at  the  Nevada  Test  Site. 


Precipitation 
Jan.     Feb.    Mar.   Apr.   May    Jun.      Jul.   Aug.   Sept.     Oct.    Nov.    Dec.      Total 


1959 

.59 

.44 

.00 

.01 

.00 

.05 

.&3 

.52 

.57 

.00 

.08 

1.44 

4.33 

1960 

.49 

.58 

.23 

.19 

.04 

.22 

.09 

.08 

1.04 

.86 

1.85 

.00 

5.67 

1961 

.57 

.06 

.27 

.16 

.20 

.15 

.40 

1..34 

.00 

.15 

.90 

1.27 

5.47 

1962 

.37 

1.79 

.42 

.02 

.20 

.13 

.42 

.00 

.97 

.20 

.01 

.31 

4.84 

Avg. 

.51 

.72 

.23 

.10 

.11 

.14 

.38 

.48 

.65 

.30 

.71 

.76 

5.08 
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with  the  species  most  commonly  associated  with  munity.  The  analyses  of  communities  in  edaphic 

them  indicated  in  the  appendices.  These  same  and  transition  areas  may  alter  the  data  consid- 

plant  community  designations  will  be  followed  erably;  however,  since  they  appeared  to  be  gen- 

in    this    paper.    Where    necessary,    a    more    de-  erally   unimportant  to  the  distribution  of  most 

tailed  account  of  plant  composition  and  cover  reptiles,  they  are  not  considered  in  detail, 

will   be   added.    The   analyses    (Table   3)    were  Other  habitats  that  should  be  considered  are 

made  in   the  seasonal   study   plots  which  were  the     several     mountainous    areas.     The    higher 

situated  in  each  of  the  major  plant  communi-  ranges  have  a  varying  flora  most  predominant 

ties.  of  which  is  the  Pinyon-Juniper.  The  mountainous 

These   analyses    are   intended   to   typify   the  areas  cannot,  however,  be  identified  as  a  single 

communities,  and  do  not  indicate  all  of  the  var-  plant  community.  Scattered  throughout  the  test 

ious  smaller  plant  associations  within  each  com-  site  are   lower  mountain  ranges  which  do  not 


Table  3.  Percentage  of  ground  cover  and  composition   of   plant   communities  at   the   Nevada 
Test  Site. 

Plant  Communities" 
Species  At-Ko  Co  Gr-Ly  La-Fr  Pi-Ju"  Sa" 

11.4  X  X 


X 
X 

X 
X 

X 

3.3 
6.3 


20.2 
7.9 
9.5 

X 

44.9 
7.9 


X  X 

X 

X 


X 


Percentage  Ground  Cover 
Artemisia  spinescens 

21.0 
3.0 

25.4 
0.9 

19.6 
3.4 

Artemisia  tridentata 

Atriplex  cancscens 
Atriplex  confcrtifolia 
Bromus  ruhens 

60.7 

6.4 

Cercocarpus  ledifoliiis 
Chaciiactls  stevioides 

Coleogync  ramosissima 

64.2 

Cowania  stansburiana 

Dalea  pohjadenia 
Ephedra  nevadensis 

2.8 

Ephedra  viridis 

Eriogonum  spp. 
Eurotia  lanata 

10.6 

0.1 

15.1 

Franseria  dumosa 

Gratjia  spinosa 
Hijmenoclea  salsola 

24.3 
2.0 

53.7 

Junipcrus  osteosperma 
Kochia  americana 

25.7 

Larrea  divaricata 

Lycium  andersonii 

2.1 

15.4 

Mirabihs  pudica 

Oryzopsis  hymenoides 
Firms  motwphylla 
Quercus  gambclii 

2.4 

3.7 

Salsola  kali 

Sitanion  hariseni 

0.5 

0.4 

Stipa  comata 
Tetradymia  axUaris 

0.5 

1.8 

Tetradymia  glabrata 

0.3 

^At-Ko  =  Afri/j/px  confcrtifolia  -  Kochia  americana,  Co  =  Coleogyne  ramosissimii ,  Gr-hy  =  Gratjia  spinosa  -  Ly- 
cium andersonii,  La-Fr  =  Larrea  divaricata  -  Franseria  dumosa,  Pi-Ju  =  Pinus  monophi/tla  -  Junipcrus  osteosperma, 
Sa  =  Salsola  kali. 

''These  plant  communities  differed  so  completely  from  the  others  that  it  was  thought  unnecessary  to  analyze 
the  vegetation  critically  for  the  purposes  of  this  paper. 
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have  pinyons  or  junipers.  These  furnish  habitats 
with  diverse  flora,  and  several  reptile  species  are 
restricted  to  them.  Some  of  the  plants  commonly 
found  in  these  areas  and  not  listed  in  the  plant 
communities  (Table  3)  are:  Agave  utahensis. 
Cercocarpus  intiiccitiis,  Dalea  fremontii.  Ephedra 
torretjaiui,  Fallugia  poracloxa,  Opuntia  basilaris. 
Opuntia  erinacea,  Petalonyx  nitidiis.  Salvia  dorii, 
and   Thamnosma  montana.  Most  of  the  species 


listed    for    the   plant    communities    can   also  be 
found    scattered    throughout    the    mountainous 


areas. 


The  animal  associates  occurring  in  the  var- 
ious plant  communities  of  the  Test  Site  are  listed 
in  Appendix  II  of  the  report  "Biotic  Commun- 
ities of  the  Nevada  Test  Site"  (Allred  et  al., 
1963)  and  will  not  be  discussed  further  here. 


ACCOUNT  OF  THE  SPECIES 


TURTLES 

Gophenis  agassizi  Cooper 
Desert  Tortoise 

The  desert  tortoise  occurs  over  wide  areas 
of  the  Mohave  Desert.  We  found  it  more  com- 
monly in  the  Larrea-Franseria  community  and 
the  surrounding  foothills  (Fig.  2).  They  were 
most  frequently  observed  from  March  to  Sep- 
tember. 

Several  broken  carapaces  were  found  on 
mountain  tops  which  seemingly  are  inaccessible 
to  an  unaided  tortoise.  They  may  have  been 
transported  by  either  carnivores  ( Woodbury  and 
Hardy,  1948)  or  predaceous  birds.  The  possibil- 
ity of  carnivores  or  predaceous  birds  carrying 
the  shell  of  a  tortoise  to  the  mountain  tops  seems 
possible.  Predation  was  not  observed  by  mem- 
bers of  the  project. 

LIZARDS 

Coleonyx  variegatus  utahensis  Klauber 
Utah  Banded  Gecko 

A  series  of  31  specimens  is  available  from 
Frenchman,  Jackass,  and  Yucca  flats.  Based  on 
Klauber's  study  (1945)  the  geckos  in  Nye  Coun- 
ty, Nevada,  should  belong  to  the  typical  sub- 
species, variegatus.  Although  three  specimens 
have  the  double-barred  pattern  in  the  dorsal 
spots  and  four  others  might  be  considered  color 
pattern  intergrades,  the  majority  of  the  speci- 
mens are  so  similar  to  a  series  from  the  type 
locality,  (Washington  County,  Utah)  that  we 
consider  them  to  be  utahensis.  The  test  site  is 
perhaps  near  the  western  edge  of  the  range  for 
utahensis  and,  therefore,  a  greater  percentage  of 
intergradation  may  be  expected  to  occur  as 
specimens  become  available  further  to  the  west 
and  south  of  the  test  site. 

Scalation  counts  do  not  differ  significantly 
from    the   averages   stated   by   Klauber    ( 1945 ) . 


However,  this  series  is  perhaps  on  the  western 
edge,  whereas  the  type  series  is  from  the  eastern 
edge  and  should  for  comparative  purposes  have 
the  scalation  ranges  for  the  test  site  specimens 
presented.  They  are  as  follows:  pores,  ( 16  males) 
4-8,  (5.9);  supralabials,  7-9  (7.8);  infralabials, 
7-10  (8.6);  scales  posterior  to  mental  3-8  (5.6); 
scales  between  supranasals,  1-4  (2.5). 

The  largest  specimens  have  a  snout-vent 
length  of  70.4  mm.  (  d  )  and  65.8  mm.  (  ?  ). 
This  species  was  recorded  only  from  the  Larrea- 
Franseria  community  and  surrounding  low 
mountainous  areas  (Fig.  2).  Tliey  were  not  par- 
ticularly abundant  and  were  collected  between 
May  and  October. 


Dipsosaurus  donalis  dorsalis  Baird  and  Girard 

Desert  Iguana 

Three  specimens  were  taken  from  the  Larrea- 
Franseria  community  in  western  Frenchman 
Flat.  This  record  is  approximately  .50  miles  fur- 
ther northeast  of  that  listed  by  Van  Denburgh 
(1922)  for  Nye  County  and  is  perhaps  the  most 
northern  record  for  Nevada.  Its  occurrence  at 
the  test  site  is  not  unexpected,  for  it  is  known 
from  areas  further  north  in  Utah.  The  elevation 
at  3,200  ft.  is  nearing  the  altitude  limits  for 
dorsalis  in  this  part  of  its  range. 

There  are  no  unusual  variations  in  scalation. 
The  femoral  pores  are  19-22,  supralabials  8  or  9, 
infralabials  10  to  12  and  there  are  two  scales 
between  the  nasal  and  rostral  in  two  specimens 
but  only  one  scale  in  the  other.  The  largest  spe- 
cimen is  122  mm.  in  its  snout-vent  length.  Two 
have  regenerated  tails  and  in  these  the  dorsal 
crest  scale  row  is  not  redeveloped  in  the  regen- 
erated part. 

This  species  is  apparently  rare  at  the  test 
site  and  was  taken  onlv  in  the  Larrea-Franseria 
plant  community  ( Fig.  4 ) .  One  was  seen  in  the 
Cane  Springs  area  in  the  foothills  a  short  dis- 
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tance  west  of  Frenchman  Flat.  They  were  re- 
corded onl\"  during  May  and  June. 

Ciotaphtjtiis  coUaiis  Jniilciji  Stejneger 

^VESTER^•    COLL.UtED   LlZ.\RD 

The  series  consisting  of  15  specimens  ranges 
in  age  from  recent  hatchhngs  to  adults.  The  lar- 
gest male  is  100.2  mm.,  the  largest  female  92.4 
mm.  in  snout-vent  lengths.  In  males,  the  tail 
length  is  twice  or  more  the  snout-vent  length;  in 
females  it  is  less. 

Scale  counts  agree  with  other  populations 
of  haileyi  ( Fitch  and  Tanner,  1951 )  and  are  as 
follo\\s:  ventrals  (from  first  enlarged  scales  pos- 
terior to  gular  fold)  92-107  (98.0);  femoral  pores 
14-20  (17.0);  supralabials  12-17  (14.8);  infra- 
labials  12-16  (14.0);  and  interorbitals  in  two 
rows. 
I  The  color  patterns  are  tvpical  of  bailci/i.  Some 

yellow  and  dark  green  are  included  but  in  gen- 
eral the  ground  color  is  dull  and  darker  than  in 
populations  observed  from  Utah  and  Arizona. 
The  head  is  often  heavily  spotted  with  dark 
brown,  the  body  has  small  spots  often  forming 
irregular  transverse  lines  of  white.  The  paired 
black  collars  may  be  complete  mid-dorsally  or 
divided.  0\er  half  of  the  specimens  have  the 
first  collar  divided  and  the  second  complete. 
Both  collars  are  complete  from  the  mid-dorsal 
line  to  their  lateral  terminus. 

In  some  populations  of  this  species,  the  first 
collar  is  broken  into  two  or  more  lateral  spots. 
The  second  dark  collar  is  unbroken  and  term- 
inates before  reaching  the  upper  arm,  whereas 
the  first  mav  extend  to  the  ventral  surface  and 
in  males  produces  a  dark  gular  bar,  often  fusing 
with  the  dark  gular  spot.  In  females  the  anterior 
collar  is  alwavs  separated  ventrally,  and  the  gu- 
lar and  abdominal  regions  are  white.  There  is 
considerable  xariation  in  the  amount  of  pigment 
present  in  the  population  of  bailcyi  from  the  test 
site.  This  is  partially  dependent  on  the  temper- 
ature since  warm  active  males  are  more  decor- 
ated in  shades  of  yellow  and  green  colors  than 
those  \\liich  have  been  hiding  for  a  time.  Young 
and  subadults  alwavs  have  the  distinct  trans- 
verse dorsal  dark  and  light  barring  more  dis- 
tinctlv  than  do  the  adults. 

This  species  was  recorded  only  from  the 
mountainous  and  foothill  areas  in  the  vicinity  of 
the  Larrea-Franseria  communities  (Fig.  3).  Thev 
were  not  recorded  north  of  this  communitv  at 
the  test  site.  They  were  observed  from  April  to 
July. 

Banta  ( 1960 )  brieflv  discussed  some  of  the 
feeding  habits  of  this  species  and  reviewed  two 


accounts  of  their  having  fed  on  vegetable  matter 
(Pack,  192,3:  Ruthven  and  Gaige,  1915).  He 
found  65  and  95  percent  of  the  stomach  con- 
tents of  two  specimens  collected  in  Nye  County 
to  be  Lycium  andersonii  berries.  No  feeding  ob- 
servations were  made  at  the  test  site. 

Crotaplii/nis  wislizeni  ivislizeni  Baird  and  Girard 
Leopard  Lizard 

A  series  of  35  specimens  was  examined  and 
numerous  observations  made  of  live  ones  from 
various  localities  at  the  test  site.  Measurements 
and  scale  counts  of  this  series  agree  with  those 
of  Van  Denburgh  (1922),  Stebbens  (19.54,)  and 
Smith  (1946).  Some  are  as  follows:  Femoral 
pores,  17-24  (20.5);  ventrals,  74-87  (80.0); 
supralabials,  12-17  (15.1);  infralabials,  11-16 
(13.7);  snout-vent  length  44.7-125.0;  and  tail 
length  88-200.  The  largest  specimen  is  a  female 
with  a  snout-vent  length  of  125  mm.  The  color 
pattern  consists  either  of  scattered  small  to 
medium  brown  spots  or  one  with  rather  large 
brown  spots  usually  forming  four  dorsal  rows 
with  the  median  two  extending  onto  the  tail.  In 
the  pattern,  there  are  usually  six  to  eight  light 
transverse  lines  which  separate  the  spots  and 
produce  a  partial  checkerboard  effect.  The  first 
pattern  provides  much  more  background  color 
and  thus  the  lizard  so  patterned  is  lighter.  The 
ventrals  are  white  and  the  gulars  have  six  dark 
longitudinal  stripes  extending  from  the  lower 
jaw  to  the  gular  fold. 

This  species  was  recorded  from  all  the  plant 
communities  except  the  Pinyon-Juniper  (Fig.  3). 
Although  not  in  this  woodland  communit)',  it  is 
commonly  found  in  the  Artemisia  and  Coleo- 
gyne  which  are  frequently  distributed  along  the 
upper  bajadas  leading  to  Pinyon-Juniper.  It  is 
also  found  in  the  transition  zone  between  the 
bajada  and  mountainous  areas  where  it  over- 
laps the  range  of  Crotaphytits  coUaris.  It  is  ac- 
tive from  March  to  October,  being  most  com- 
mon during  .\pril  and  May. 

Their  habitat  occurs  in  the  more  sandy  or 
gravelly  areas  where  holes  may  be  dug  either 
bv  rodents  or  perhaps  by  the  lizards  themselves. 
Such  holes  serve  as  their  retreat.  This  is  quite  in 
contrast  to  the  collared  lizard  and  its  rocky  hab- 
itat. 

Other  authors  ( op.  cit. )  have  referred  to  the 
habits  of  these  lizards  and  most  of  these  have 
been  observed  at  the  test  site.  A  few  additional 
notes  are  worthv  of  record.  While  trapping  mam- 
mals, leopard  lizards  were  frequently  caught  in 
the  live  traps.  After  several  were  caught,  it  was 
apparent  that   the  lizards  were  actually  eating 
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the  oatmeal  bait.  Several  were  killed  in  the  field 
and  their  stomachs  were  found  to  contain  only 
oatmeal  (Jorgensen  and  Orton,  1962).  Similar 
observations  were  made  by  Clyde  Pritchett 
(1962)  in  Kane  County,  Utah.  Whether  this 
species  feeds  on  other  plant  products  has  not 
been  determined  by  us.  According  to  Smith 
(1946)  wislizeni  is  predominantly  insectivorous, 
but  is  also  cannibalistic  and  predaceous.  While 
caged  in  the  laboratory,  they  were  observed  on 
several  occasions  to  feed  on  live  adult  least 
pocket  mice  (Perogruithus  longlmembris) .  Feed- 
ing on  small  mammals  has  not  to  our  knowledge 
been  recorded  previously  (Stebbins,  1954),  and 
it  is  doubtful  that  mammals  occur  frequently  or 
normally  in  their  diet  in  nature.  It  should  be 
noted  that  wislizeni  is  active  during  the  day  and 
Perogmithus  at  night. 

In  1915,  Richardson  referred  to  the  pugnac- 
iousness  of  this  species  and  mentioned  one  spe- 
cimen that  produced  a  "low  moaning  sound." 
Leopard  lizards  collected  at  the  test  site  possess 
the  ability  to  squeal  in  a  high  pitched  voice  sim- 
ilar to  that  of  Coleonijx  variegattis  (Jorgensen, 
Orton,  and  Tanner,  1963).  Their  voice  has  been 
recorded  and  is  available  on  tape.  All  adults  and 
most  sub-adults  have  a  voice.  They  apparently 
were  more  inclined  to  squeal  in  the  morning,  but 
all  would  respond  if  sufficiently  irritated.  Some 
were  moved  to  Prove,  Utah,  where  it  was  no- 
ticed that  the  cooler  temperatures  likely  re- 
duced their  scjuealing  response  even  when  ir- 
ritated. 

Sauromalus  obesus  obesus  Baird 

Chuckwalla 

A  series  of  eight  specimens  from  the  test  site 
is  uniform  in  scalation  although  below  the  aver- 
age in  most  of  the  counts  summarized  by  Shaw 
(1945). 

The  test  site  series  represents  the  most  north- 
ern records  for  the  species  in  Nevada.  We  are, 
therefore,  summarizing  some  of  the  data  as  fol- 
lows: Caudals  30-38  (34.4);  femoral  pores  14-17 
(15.5);  supralabials  14-17  (16.2);  infralabials 
14-20  (18.2);  the  largest  male  is  217  mm.  from 
snout  to  vent  and  44.5  mm.  in  total  length;  lar- 
gest female  is  200  mm.  from  snout  to  vent  and 
380  mm.  total  length;  tail  length  to  total  length 
ratio,  .4737-.52.51  (.4976). 

In  color  they  are  essentially  as  described  by 
Shaw  ( op.  cit. ) .  The  pattern  of  dark  dorsal  cross 
bars  seen  in  juveniles  is  completely  obliterated 
in  both  male  and  female  adults.  This  is  also  true 
for  most  of  those  seen  from  southern  Utah.  In 
males,  the  juvenile  pattern  is  lost  by  an  increase 
of  black  pigment,  whereas  in  females  the  pat- 


tern seemingly  disappears  because  of  pigment 
dissolution  and  fading.  This  produces  in  females 
a  dark  to  light  gray  dorsal  coloration  with  few 
traces  of  the  juvenile  barred  pattern. 

This  large  species  is  common  in  the  rocky 
mountainous  areas  (Fig.  2).  On  only  two  occas- 
ions were  they  collected  elsewhere;  one  in 
Grayia-Lycium  and  one  in  the  Larrea-Franseria 
communities.  In  both  cases  they  were  near  their 
habitat  in  the  rocky  mountainous  areas. 

Callisaiirus  draconoides  rhodosticiis  Cope 
Colorado  Desert  Zebra-tailed  Lizard 

Our  series  consists  of  37  specimens  ranging 
in  snout-vent  length  from  31  to  89.2  mm.  The 
males  are  larger  but  do  not,  in  this  series,  have 
proportionally  longer  tails  than  the  females. 

According  to  Stebbins  ( 1954 )  and  Smith 
(1946)  specimens  taken  in  central  and  southern 
Nye  County  should  be  rhodosticus  [gabbi).  This 
is  undoubtedly  so;  however,  the  test  site  series 
agrees  completely  in  only  one  of  the  key  char- 
acters used  by  Smith  (1946)  in  separating  the 
subspecies  ventralis,  rhodosticus  and  myurus. 
The  percentage  of  tail  to  total  length  ranges 
from  55.4  to  61.6  (57.6).  Nineteen  have  less  than 
.58  percent,  with  seven  having  more.  If  those 
with  58  percent  or  more  are  rhodosticus  and 
those  with  less  myurus  in  this  character,  then 
this  series  intergrades. 

In  the  number  of  femoral  pores  rhodosticus 
should  have  16  or  less.  The  test  site  series  aver- 
ages 15.8  but  again  12  specimens  or  approxi- 
mately one-fourth,  have  17  or  more.  The  same 
percentage  of  specimens  have  the  interparietal 
in  contact  with  the  supraorbital  semi-circles  by 
one  or  more  scales  on  both  sides  of  the  inter- 
parietal, a  character  attributed  to  ventralis. 

Only  in  the  percentage  of  hind  leg  length  to 
body  length  is  there  a  similarity  between  the 
test  site  series  and  those  reported  previously  for 
this  subspecies.  Since  approximately  80  percent 
of  our  series  have  the  prescribed  92  percent  or 
more  of  hind  leg  length  to  body  length  and  have 
the  averages  of  other  characters  nearest  to  rho- 
dosticus we  have  placed  this  series  with  the  Col- 
orado Desert  subspecies.  Tliere  are,  however, 
strong  indications  of  an  influence  of  myurus  in 
the  percent  of  tail  to  total  length  and  in  the  con- 
tact of  interparietal  to  supraorbital  semi-circles. 

In  many  species  certain  interesting  habits  ap- 
pear when  individuals  are  observed  in  their  hab- 
itat. This  subspecies  has  the  characteristic  of 
holding  the  tail  over  the  back  while  running  and 
thus  exposing  die  contrasting  black  and  white 
tail   bars.   Also  on  several  occasions  it  was  ob- 
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Sauromalus    o.    obesus 

Eumeces     s.    utahensis  I 

Coleonyx    v.   utahensis  Q 

Gopherus    agossizi  |^ 


Fig.   2.   Collection  and  observation  sites  of  Gopherus   agassizi,    Coleonyx   variegatus,   Sauromalus  obesus,   and 
Eumeces  shiltonwmis. 
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Fic.  3.     Collection  and  observation  sites  of  Cdlisaurus  draconoides,  Crotaphytus  collarin,  Crotaphytus  wislizeni, 
and  Phryiiosoma  pltityrhitios. 
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Fig.  4.     Collection  and  ob.servation  sites  of  Dipsosuurus  dorsalis,   Uta  slaiishurkina,  and  Cncmidophorus  tigris. 
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Fic.  5.    Collection  and  observation  sites  of  Sccloporus  magister,    Sceloporus   nccidcntnlis,    and    Xantiisia   vigilis. 
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served  tliat  standing  lizards  very  often  wiggle 
the  last  tliird  of  tlie  tail.  If  one  remembers  that 
in  tliis  species  the  tail  is  dropped  at  the  slightest 
provocation,  then  perhaps  these  habits  have  sur- 
vival value. 

Although  this  species  was  recorded  from  all 
the  plant  communities  except  Pinyon-Jimiper,  it 
was  most  abundant  in  Larrea-Franseria  and 
Grayia-Lycium  (Fig.  3).  Callisaurus  d.  rhodos- 
tictis  is  active  from  March  through  October  and 
most  abundant  during  July.  This  common  spe- 
cies is,  according  to  Merriam  (in  Stejneger, 
1893:  171),  one  of  the  most  attractive  and  fast- 
est lizards  in  western  North  America. 

Sceloporiis  inagisfer  iiniformis  Phelan 
and  Brattstrom 

Yellow-backed  Spiny  Lizard 

We  examined  29  specimens  from  the  test  site 
and  have  determined  them  as  uniformis.  How- 
ever, because  of  the  geographiail  nearness  to 
transversiis  the  pertinent  scale  counts  and  mea- 
surements are  listed.  Femoral  pores  11-16  (12.7); 
scale  rows  around  body,  32-39  (35.8);  dorsals 
30-36  (33.2);  ventrals  36-43  (39.6)  largest  male, 
104.0;  and  largest  female,  100.5  mm.  in  snout- 
vent  lengths. 

In  adult  males  the  dorsum  is  without  a  dis- 
tinct pattern  or  with  very  faint  indications  of 
mid-dorsal  spots.  In  the  females  the  bars  are 
present  and  usually  broken;  however,  in  one 
(BYU  17422)  there  are  seven  dark  bars  with  the 
first  forming  a  complete  collar. 

The  Nevada  Test  Site  is  located  directly 
east  of  the  range  of  transversiis  which  for  the 
most  part  is  also  within  the  Great  Basin  drain- 
age. Therefore,  one  might  expect  the  magister 
populations  from  southcentral  Nye  County  to 
show  some  relationships  to  transversiis  since,  ac- 
cording to  Phelan  and  Brattstrom  (1955),  there 
is  intergradation  in  Nye  County  west  of  Beatty. 
In  the  series  from  Frenchman,  Yucca  and  Jack- 
ass flats,  we  have  found  little  to  suggest  inter- 
gradation between  these  two  subspecies.  A  samp- 
ling of  the  populations  westward  to  Beatty  may 
provide  a  more  definite  indication  of  intergrad- 
ation; however,  the  test  site  series  belongs  with 
those  populations  in  eastern  Nevada  and  soutli- 
western  Utah. 

This  species  was  collected  in  all  plant  com- 
munities except  Coleogyne  and  Pinyon-Juniper, 
and  was  most  common  in  Gravia-Lyciimi  ( Fig. 
5).  Tiiey  were  commonly  observed  from  Marcli 
through  October,  with  one  taken  in  December. 
They,  too,  were  reported  to  feed  on  oatmeal  bait 
by  Jorgensen  and  Orton   (1962). 


Sceloporns  occidentalis  biseriattts  HalloweU 

Great  Basin  Fence  Lizard 

A  series  of  42  specimens  has  been  examined 
from  the  test  site.  They  are  in  all  characters  gen- 
erally within  the  limits  established  for  this  sub- 
species by  Smith  (1946).  This  population  is  on 
the  southeastern  edge  of  the  range  for  biseriattis 
and  we  are,  therefore,  listing  the  range  and  av- 
erages for  the  following  scale  counts.  Femoral 
pores  13-19  (15.9);  scales  around  body  45-51 
(57.8);  dorsals  40-48  (41.2);  and  ventrals  37-54 
(47.0).  In  snout-vent  lengths  they  do  not  exceed 
the  maximum  of  90  mm.  The  color  and  color 
pattern  is  similar  to  that  described  by  Van  Den- 
burgh  (1922),  except  that  the  color  on  the 
under  parts  of  the  hind  legs  and  abdomen  is 
more  often  orange  than  yellow. 

The  western  fence  lizard  occurs  from  the 
ledges  on  the  hills  surrounding  the  valleys  up 
to  tlie  high  plateaus  (Rainier  Mesa).  It  is  usu- 
ally found  in  ledges  and  rocky  habitats.  Only  on 
rare  occasions  are  they  taken  in  the  desert  flats. 
This  is  perhaps  the  most  abundant  reptile  in  the 
Pinyon-Juniper  community  of  the  test  site  (Fig. 
5).  In  these  areas  they  were  can-trapped  with 
Eumeces. 

Uta  stansburiana  stansburiana  Baird  and  Girard 

Northern  Side-blotched  Lizard 

The  brown  shouldered  Vta  is  widely  distrib- 
uted at  the  Nevada  Test  Site.  It  ranges  from 
the  edge  of  the  playas  to  the  tops  of  the  highest 
mountain  ranges,  thus  occurring  in  most  biotic 
communities  at  the  test  site   (Fig.  4). 

Recent  workers  ( Linsdale,  1940;  Smith,  1946; 
Stebbins,  1954)  have  accepted  Klauber's  (1932) 
subspecies  assignment;  thus,  Uta  stansburiana 
from  south-central  Nevada  should,  based  on  its 
geographic  location,  belong  to  the  subspecies 
stepwgeri.  VVe  have  seen  over  two  hundred  spe- 
cimens from  the  test  site  and  have  checked  the 
basic  diagnostic  (key)  characters  for  tlie  three 
subspecies  (stansburiana,  stejnegeri,  and  hes- 
peris)  occurring  in  this  general  area  (southern 
Nevada  and  east-central  California.)  On  the 
basis  of  specimens  available  to  us  from  Arizona, 
California,  Nevada  and  Utah,  we  have  concluded 
that  stejnegeri  is  a  Chihuahua  Desert  form,  and 
should  be  deleted  from  ([\e  Great  Basin  herpe- 
tofauna.  The  data  available  from  the  test  site 
and  southeastern  Nevada  and  western  Arizona 
has  caused  us  to  wonder  if  any  population  of 
Vta  stansburiana  west  of  the  Colorado  River 
should  be  referred  to  as  stejnegeri.  - 
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Two  characters  have  been  used  by  Smith 
(1946)  to  separate  stejncgeri  from  stctthshuriuna: 
( 1 )  the  presence  of  distinct  dark-edged  light 
dorso-lateral  stripes  in  the  adult  females  {stej- 
negeri)  as  opposed  to  no  stripes  or  interrupted 
ones  forming  a  series  of  elongate  dorsolateral 
spots;  and  (2)  dorsal  scales  93  or  less  as  opposed 
to  94  or  more  in  stansburiaim.  The  first  character 
is  reliable  only  if  adult  or  near  adult  females  are 
used,  since  most  young  of  both  subspecies  have 
the  stripes.  The  adult  females  from  the  test  site 
have  the  same  dorsal  pattern  as  observed  in 
specimens  from  central  Utah,  with  less  than  20 
percent  having  dorsolateral  lines.  The  second 
character  cannot  be  used  in  this  series.  A  major- 
ity of  the  specimens  (60  percent)  have  more 
than  93  dorsals.  A  separation  based  on  this  char- 
acter for  these  subspecies  is  not  realistic.  A  sum- 
mary of  the  data  for  the  test  site  specimens  and 
a  series  from  Utah  near  the  type  locality  can 
be  seen  in  Table  4. 

The  abundance  of  this  species  on  the  test 
site  has  permitted  us  to  observe  other  impor- 
tant aspects  of  its  biology.  These  data  provide 
information  on  longevity,  growth,  seasonal  ac- 
tivities and  population  density. 


Seasonal  Fluctoations 

Seasonal  activity  is  evident  throughout  the 
year  although  it  is  perhaps  most  intense  during 
the  spring  and  early  summer  (Allred  et  al., 
1963).  At  this  time  adults  as  well  as  the 
juveniles    are    abroad    and    can    be    trapped    or 


observed.  The  analyses  of  data  from  a  grid 
study  ( Fig.  1 )  suggest  a  year  around  activity 
for  the  adults  but  this  does  not  mean  that  all 
adults  are  active  every  day.  The  increased  num- 
bers evident  during  the  spring  are  due  to  the 
influx  of  hatchlings  from  the  preceding  summer 
(Table  5). 

With  the  exception  of  the  second  period  of 
October,  the  numbers  of  adult  females  remain- 
ed relatively  constant  throughout  the  year.  Adult 
males  are  most  abundant  during  the  late  winter 
and  spring  months,  and  least  apparent  from 
June  to  September.  Tinkle  (1961)  concluded 
that  the  seasonal  activity  differences  as  reflected 
in  the  sex  ratios  were  a  result  of  activity  and 
biased  samples.  Although  seasonal  activity  cer- 
tainly may  have  influenced  the  sex  ratio  differ- 
ences observed  at  the  test  site  they  are  con- 
sidered at  least  indicative.  They  were  deter- 
mined by  the  proportional  index  method  of  re- 
captures rather  than  on  the  collected  samples. 

Tinkle  ( 1961 )  observed  seasonal  variations 
between  relative  numbers  of  adults  and  juve- 
niles. He  states,  "The  most  significant  point  in 
these  data  is  the  indication  that  regardless  of 
the  relative  percentages  of  adults  and  juveniles 
at  any  other  season,  almost  all  lizards  .  .  .  are 
mature  in  April-June,  and  the  majority  by  Jan- 
uary-March. These  data  demonstrate  that  most 
lizards  are  potentially  reproductive  at  the  age 
of  10-12  months."  Similar  observations  were 
made  at  the  Nevada  Test  Site,  although  adult 
size  was  less  frequently  observed  during  the 
first  summer's  growth  of  hatchlings. 


Table  4.    Scale  and  color  variations  between  Uta  stansburimui  from  the  Nevada  Test  Site  and 
a  series  from  Central  Utah  near  the  type  locality  (Juab,  Tcxjele  and  Utah  Counties). 


Uta  from 

Uta  from 

Characteristics 

Sex 

No. 

Central  Utah 

No.  Nev.  Test  Site 

Dorsals 

d 

28 

86(98.0)103 

73 

87(97,5)115 

? 

40 

86(95.0)105 

78 

88(96.0)105 

Ventrals 

d" 

28 

52(59.0)64 

56 

53(57.1)65 

S 

38 

51(60.0)65 

66 

51(56.9)60 

Femoral  Pores 

cT 

29 

12(14.1)16 

54 

12(13.9)16 

9 

39 

12(13.8)17 

67 

12(13.6)16 

Supralabials 

d 

29 

4(5.2)6 

53 

4(4.1)5 

9 

40 

5(5.4)7 

45 

4(4.0)5 

Infralabial 

d 

29 

7(8.2)10 

54 

5(6.0)7 

9 

40 

6(8.1)10 

67 

5(6.1)7 

Percent  of  9  with 

Dorsolateral 

Stripes 

5  of 

6.50 

10  of 

24.39 

77 

80 
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Table  5.    Seasonal  distribution  and  density  of  Cnemidophoriis  tigris  and  Ufa  stansburiana  ex- 
pressed as  estimated  numbers  present'  in  a  grid.- 


Month  and  Cnemklapharus  tigris  Uta  stansburiana  Density: 

period^  animals  per  acre 

Males  Females  Adults       Juv.      Males     Females     Adults       Juv.       Adults       Juv. 


June 

2 

24.P 

10.3 

34.5 

3.2 

8.2 

5.5 

13.6 

17.7 

3.3 

5.0 

July 

1 

4.5 

4.5 

9.0 

5.4 

2.9 

6.0 

8.1 

109.7 

2.0 

30.9 

2 

2.0 

2.5 

4.5 

2.7 

1.9 

3.3 

5.2 

71.0 

1.3 

20.0 

August 

1 

.9 

1.8 

2.7 

10.7 

4.4 

6.1 

10.5 

29.2 

2.6 

8.2 

2 

1.3 

2.3 

3.6 

14.4 

3.7 

5.1 

8.8 

24.2 

2.1 

6.8 

September 

1 

2 

5.3 

7.7 

32.4 
24.6 

9.1 
6.9 

October 

1 

0 

0 

0 

0 

5.7 

5.5 

11.3 

21.9 

2.7 

6.2 

2 

0 

0 

0 

0 

9.6 

9.2 

18.8 

26.6 

4.6 

7.5 

November 

1 

0 

0 

0 

0 

6.3 

6.5 

12.8 

33.6 

3.1 

9.5 

2 

0 

0 

0 

0 

11.0 

3.1 

December 

1 
2 

0 
0 

0 
0 

0 
0 

0 
0 

January 

1 

2 

0 
0 

0 
0 

0 
0 

0 
0 

9.1 

5.1 

14.3 

7.5 

3.5 

2.1 

February 

1 

2 

0 
0 

0 
0 

0 
0 

0 
0 

9.6 

3.2 

12.8 

5.2 

3.1 

1.5 

March 

1 

2 

0 
0 

0 
0 

0 
0 

0 
0 

6.5 

1.8 

April 

1 
2 

0 
47.9 

0 

7.8 

0 

55.7 

0 

.8 

9.8 

5.8 

15.6 

1.9 

.9 

3.8 

.5 

.2 

May 

1 

35.0 

12.3 

47.2 

1.7 

2 

29.3 

10.3 

39.6 

1.4 

10.9 

4.3 

15.2 

3.7 

June 

1 

36.3 

15.6 

51.9 

4.0 

6.0 

4.0 

10.0 

2.4 

'Where   blanks    ocour,    in.sufficient    numbers   were  captured  or  recaptured  to  make  reliable  estimates. 
'Method  of  determination  follows  Hayne  (  1949). 
■'Each  month  was  studied  for  2  periods  of  15  days  each. 
'Each  value  is  rounded  to  the  nearest  tenth. 


Population  Densities 

Densities  were  computed  by  incorporating  the 
recapture  radii  which  were  determined  by  Jor- 
gensen  and  Tanner  (1963).  The  recapture  radii 
were:  juveniles,  23.1  m.;  adult  females,  29.5  m.; 
and  adult,  35.2  m.;  (avg.  for  adults,  32.4 
m. ) .  Since  the  recapture  center  could  be  on  the 
border  of  the  grid,  the  sampling  area  would 
have  to  be  extended  by  32.4  m.  on  each  side  for 
the  adults  and  23.1  m.  for  the  juveniles.  This 
would  increase  the  area  sampled  from  92  ares 
(2.3  acres)  to  16.5.0  ares  (4.1  acres)  for  the 
adults  and  142  ares  (3.6  acres)  for  juveniles.  The 
densities  are  presented  in  Table  5. 


Survival 

A  survival  curve  could   not  be  determined 
from   these  data,  but  some  pertinent  data   are 


available  on  the  rate  of  survival  from  one  sea- 
son to  another.  A  summary  of  these  data  are 
presented  in  Table  6.  Tinkle  (1961)  stated  that 

Table  6.    Percentage  of  population  survival 
of  Uta  stansburiana  at  different  seasons. 


Marking 

Age  and 
sex° 

First 

First 

period 

marked 

summer 

winter 

June-July 

Juvenile 
Adult 

36.12 
74.07 

14.19 
51.85 

Aug.-Sept. 

Juvenile 
Juvenile 

78.94 
80.64 

34.21 
22.59 

Adult 

80.00 

50.00 

Adult 

85.71 

57.14 

°No   differentiation  of  the  sexes  was  made  during 
the  first  part  of  the  study. 
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there  was  an  annual  turnover  of  most  ot  the  pop- 
ulation studied  in  western  Texas.  Tliis  does  not 
appear  to  be  the  case  at  the  test  site,  where 
51.85  percent  of  the  animals,  which  were  adults 
in  June,  1961  (near  1  year  old),  survived  to  the 
following  June  (1962);  thus,  they  were  about 
two  years  old  when  last  observed.  One  male 
marked  as  an  adult  on  July  14,  1961  was  recap- 
tured by  hand  on  April  13,  1963.  This  particu- 
lar animal  was  known  to  be  alive  in  the  field 
for  34  months. 

If  the  above  percentage  is  near  the  actual 
yearly  survival  then  one  would  expect  in  this 
area  a  greater  number  of  adults  than  juveniles 
during  the  first  half  of  each  year.  Only  14.19 
percent  (e.g.  hatcliing  from  June  to  August) 
of  the  juveniles  survive  the  same  interval 
of  time.  We  are  aware  of  the  greater  activity 
of  hatchlings  and  juveniles  in  late  summer  and 
fall;  however,  these  data  are  based  on  survival 
percentages  for  a  complete  year. 

A  population  increase  was  not  observed  in 
the  data  (Table  6).  The  reasons  for  a  lack  of 
population  increase  as  the  juveniles  attain  adult 
size  is  not  clear.  It  may  result  from  an  apparent 
reduction  in  adult  females,  as  seen  in  the  sex 
ratios.  Tinkle  ( 1961 )  pointed  out  that  the  egg- 
laying  habits  of  females  reduced  their  activity 
and  thus,  their  numbers  would  appear  smaller. 
Similar  habits  were  observed  among  the  females 
at  the  test  site  and  could  very  likely  account  for 
some  of  the  apparent  lack  of  inherent  popula- 
tion increase.  Although  juveniles  may  and  appar- 
ently do  attain  adulthood  within  one  year,  the 
complete  population  turnover  takes  at  least  two 
and  may  overlap  into  three  years  at  the  test  site. 
A  failure  of  some  adults  to  survive  a  second 
breeding  season  ( which  was  not  examined  at  the 
test  site)  could  also  account  in  part  for  the  ap- 
parent  lack   of  population   increase. 

Grovvtti  Rate 

The  rate  of  growth  and  maturation  time  is 
an  intricate  factor  in  the  population  structure 
and  necessarily  requires  consideration  in  the  in- 
terpretation of  population  characteristics.  Tinkle 
( 1961 )  demonstrated  through  an  examination 
of  the  reproductive  organs  (gonads)  that  90 
percent  of  this  species  matures  within  one  year 
in  western  Texas.  The  results  of  his  observations 
were  confirmed  in  southern  Nevada,  using  size 
(40  mm.)  as  the  criterion  for  maturity  (Fig.  6). 

The  most  rapid  growth  occurs  during  the 
first  summer  and  winter,  after  which  the  rate 
is  reduced  even  though  some  growth  is  evident 
as  late  as  the  third  summer  (2  years  of  age). 
The  growth  during  the  first  winter  and  second 
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Fig.  6.  Growth  rates  of  Cnemidophorus  tigris  and 
Uta  stanshuriana.  Stippling  represents  sununer  and 
lineation  winter  months.  Actual  rate  for  each  season 
is  inserted. 

summer  are  comparable,  indicating  a  lower  rate 
of  growth  after  May  of  the  first  spring. 

Phrynosoma  platijrhinos  platyrhinos  Girard 
Northern  Desert  Horned  Lizabd 

Our  considerations  of  this  species  are  based 
on  36  specimens,  all  taken  in  the  valleys  and 
foothills  of  Frenchman,  Jackass,  and  Yucca  flats. 

According  to  the  most  recent  distribution 
maps  (Reeve,  1952;  Stebbins,  1954)  the  Nevada 
Test  Site  is  in  the  range  of  platyrhinos  calidia- 
riim.  Measurements  and  scalation  counts  do  not 
support  this  taxonomic  designation.  The  femoral 
pores   range   from  7-11    and   thus   overlap   the 


Biological  Series,  Vol.  3,  No.  3,  Octoueb,  1963 


17 


counts  of  8-8  for  calidiarum  and  11-12  for  plattj- 
rhinos  (Reeve,  1952).  According  to  Reeve,  the 
two  rows  of  femoral  pores  are  separated  med- 
ially by  six  preanal  scales.  Test  site  specimens 
range  from  3-6  preanal  scales  and  are  compar- 
able to  series  from  Tooele  and  Utah  counties  in 
Utah,  which  range  from  2-6.  The  same  range 
occurs  for  the  supralabials,  which  range  from 
8  to  12.  We  have  also  been  unable  to  confirm 
his  ratio  (45  percent  or  more)  between  the 
length  of  occipital  spine  and  head  length.  Our 
measurements  range  from  23  (in  hatchlings)  to 
45.9  percent.  We  are  not  certain  as  to  the  e.xact 
points  of  measurements  of  the  spines.  Reeve 
measured  from  "tip  of  spine  to  base  of  spine." 
The  base  is  variable;  a  dorsal,  ventral,  or  lateral 
measurement  will  or  may  provide  different 
lengths  for  the  same  spine.  To  resolve  this  we 
have  measured  from  the  ventral  base  to  the  tip 
by  firmly  holding  the  points  of  a  vernier  caliper 
at  the  base  and  measuring  out  to  the  tip.  By  this 
method  adults  range  from  approximately  35  to 
43  percent  with  only  one  exceeding  45  percent. 
A  series  from  near  the  type  locality  of  platy- 
rhinos  (Tooele  and  Utah  counties)  in  Utah  is 
similar  in  scalation  to  the  specimens  from  the 
test  site.  The  measurements  of  the  occipital 
spine  of  the  Utah  specimens  (31.52  to  39.02) 
overlap  those  of  the  test  site  (33.60  to  45.94) 
but  average  fewer  35.7,  as  compared  to  40.03  for 
the  adults  from  the  test  site.  Nine  young  ones 
from  the  test  site  were  not  included  in  these 
measurements  because  they  are  much  shorter 
(23  to  31)  than  in  the  adults.  We  are,  therefore, 
assigning  tlie  Nevada  Test  Site  horned  lizards 
to  phttjrhinos  rather  than  calidianim. 

Such  a  designation  is  not  surprising  or  out  of 
line  with  other  species  in  south-central  Nevada. 
As  stated  previously,  the  collecting  areas  are 
all  within  the  Great  Basin  and  thus  represent 
a  narrow  southward  extension  between  those 
populations  to  the  southwest  in  Death  Valley 
and  to  the  east  in  the  Colorado  River  drainage. 

This  species  has  been  taken  or  observed  in 
all  of  the  plant  communities  except  the  Pinyon- 
Juniper.  It  is  most  abundant  in  Larrea-Fran- 
seria  and  Grayia-Lycium  (Fig.  3).  As  with  most 
lizard  species  occurring  in  the  flats  and  on  the 
low  foothills,  the  homed  lizard  is  perhaps  most 
active  during  April  and  May  but  is  abroad  from 
March  to  September. 

Xantusia  vigilis  vigilis  Baird 
Desert  Night  Lizard 

A  series  of  25  specimens  came  from  a  growth 
of  Yucca  just  west  of  Mercury.  Tliis  species  ap- 


pears to  be  limited  to  the  Larrea-Franseria  plant 
community  where  it  is  associated  with  Yucca 
schidigcra  (Fig.  5).  In  tliis  ecological  niche  it 
may  be  very  common,  although  difficult  to  ex- 
tract from  the  Yucca.  They  are  apparently  ac- 
tive during  most  of  the  year.  Although  they  are 
not  associated  with  Yucca  hrevifolia  at  the  test 
site,  it  is  thought  that  with  more  extensive  col- 
lecting this  and  perhaps  other  associations  might 
be  found. 

Cnemidophorus  tigm  tigris  Baird  and  Girard 
Great  Basin  Whiptail 

In  the  desert  flats  this  is  one  of  the  most 
abundant  lizards,  exceeded  only  by  Uta  with 
which  it  shares  a  similar  habitat.  Its  common 
name.  Tessellated  race  runner,  is  most  approp- 
riate, and  its  speed  and  size  is  rivalled  only  by 
Crotaphijtu^  ivMizeni  which  also  occurs  sym- 
patrically  at  the  Nevada  Test  Site. 

Our  data  are  based  on  113  preserved  speci- 
mens and  many  marked  lizards  studied  in  the 
field.  Large  adults  are  90  to  98  mm.  in  snout- 
vent  and  300  to  .332  mm.  in  total  length.  The 
longest  specimen  with  a  complete  tail  has  a 
snout-vent  length  of  92.5  mm.;  thus  it  is  assumed 
that  larger  specimens  (95  mm.  or  more)  may 
have  a  total  length  up  to  350  mm.  Hatchlings 
have  a  snout-vent  length  of  appro.ximately  40 
mm.  and  are  mature  at  about  70  to  75  mm. 

The  scale  formulae  are  not  at  variance  with 
specimens  from  or  near  the  type  locality  ( Great 
Salt  Lake  Valley).  However,  our  rather  large 
series  from  a  single  population  does  provide  a 
wide  variation  in  most  scale  counts  and  particu- 
larly in  the  dorsals.  We  have  summarized  these 
as  follows:  scale  rows  around  body,  not  includ- 
ing enlarged  ventral  rows,  70-99  (83.97);  ven- 
tral rows  usually  eight,  but  with  four  having 
ten,  and  one  nine;  dorsals  137-185  (166.2)  count- 
ing from  parietal  to  first  enlarged  caudal  row, 
this  is  a  spread  of  48  scale  rows;  ventrals  35-42 
(38.2);  femoral  pores  17-25  (20.7)  (see  Fig.  7); 
supralabials  4-6,  usually  five,  one  with  four  and 
three  with  six;  infralabials  4-7  (5.4);  anals  us- 
ually two,  but  four  with  three  and  seven  with 
one. 

This  species  was  recorded  from  all  plant  com- 
munities except  Pinyon-Juniper  and  was  most 
abundant  in  Grayia-Lycium  ( Fig.  4 ) . 

Seasonal  Fluctuations 

Allred  et  al.  (1963)  pointed  out  that  the  sea- 
sonal activity  of  tigris  is  most  intense  during  the 
months  of  April,  May  and  June,  although  it  is 
abroad  from  April   through   October.   This  ob- 
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Fig.  7.  A  histogram  showing  the  distribution  of 
femoral  pores  in  113  Cnemidophorus  tigris  from  the 
Nevada  Test  Site. 

servation  is  in  agreement  with  the  results  of 
the  population  analysis  of  the  grid  study  (Table 
5). 

Caution  must  be  used  in  the  interpretation 
of  these  data  since  they  are  influenced  consid- 
erably by  activity.  For  example,  animals  are 
doubtless  present  during  the  colder  months  be- 
tween October  and  April  but  are  in  a  state  of 
hibernation.  Our  data  indicate  that  there  is  also 
a  reduction  in  the  number  of  active  adults  from 
July  through  August.  Their  presence  is  known 
from  the  fact  that  a  large  number  of  them  re- 
appear after  the  winter  hibernation  period,  in- 
dicating a  summer  aestivation  for  adults. 

The  hatchlings  first  appeared  near  the  end 
of  July  and  continued  to  appear  until  the  end 
of  September,  with  an  apparent  peak  during 
August.  This  agrees  closely  with  Milstead 
(1957«)  for  C.  t.  mormoratus  in  western  Texas. 
The  juveniles  present  during  April,  May,  June 
and  most  of  July  are  hatchlings  of  the  previous 
summer  and  will  attain  adult  size  (70  mm.)  at 
about  one  year,  since  they  are  near  the  lower 
limits  of  adults  in  late  spring. 

Maslin  (1962)  found  that  specimens  repre- 
senting six  species  of  Cnemidophorus  {tigris  not 
included)  were  virtually  all  females.  This  is  not 
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the  case  with  tigris  (Table  5).  The  males,  al- 
though more  active  earlier  in  the  spring  became 
essentially  equal  in  numbers  with  the  females 
the  latter  part  of  June  and  remained  so  into 
August. 

Population  Densities 

The  problem  of  computing  densities  and  an 
estimation  of  population  size  in  this  species  are 
increased  because  a  portion  of  the  population 
is  inactive  at  any  given  time.  This  is  evident 
from  an  examination  of  the  data  presented  in 
Table  5.  The  estimate  for  April  is  55.70  adult 
animals,  and  since  this  is  only  59  percent  (see 
survival  discussion)  of  those  present  during  the 
preceding  June,  there  must  have  been  an  addi- 
tional 38  animals  who  were  not  active  or  escaped 
observation.  If  this  is  the  case,  appro.ximately 
94  animals  were  actually  present  during  the 
first  summer.  This  does  not  mean  that  all  94 
were  active  at  the  same  time,  some  may  even 
have  died  during  this  first  summer.  It  simply 
means  that  an  accurate  estimate  of  the  popula- 
tion size  from  captures  alone  was  not  possible 
because  there  were  always  some  which  were 
not  active.  Although  the  species  is  active  from 
early  spring  to  early  fall,  the  adults  begin  aesti- 
vating  and/or  hibernating  in  mid-August.  From 
these  data  it  is  obvious  that  species  activity  is 
maintained  by  hatchlings  which  have  appeared 
by  this  time  and  continue  to  be  active  until  fall. 
The  inactivity  of  the  adults  and  subadults  dur- 
ing August  and  September  cannot  be  explained 
on  the  basis  of  average  temperatures  (Table  1). 
There  appears  to  be  adequate  food,  particularly 
during  seasons  when  thunderstorms  occur.  In 
August  1961,  1.34  inches  of  precipitation  occur- 
red, producing  considerable  vegetative  growth 
and  an  increase  in  insect  food.  This,  however, 
did  not  produce  an  increase  in  adult  activity. 
We  surmise  that  activity  is  based  on  two  physi- 
ological factors:  first,  the  breeding  season  in  the 
spring  and  early  summer;  and  second,  the  com- 
pletion of  egg  laying.  The  fact  that  growth  in 
reproducing  adults  is  greatly  slowed  provides 
for  a  rapid  buildup  of  body  tissues  and  lipids 
which  may  reduce  the  necessity  for  continued 
activity.  This  may  actually  be  responsible  for  ter- 
minating the  seasonal  activity  for  adults. 

The  population  density  of  active  animals  is 
obtained  by  dividing  the  values  in  Table  5  by 
the  area  sampled.  This  does  not  reveal  the  actual 
density,  however,  and  consequently,  the  pro- 
ceeding extrapolation  from  survival  data  was 
necessary.  The  computation  of  the  area  sampled 
is  a  problem  which  must  be  approached  from 
an  understanding  of  their  home  range.  Jorgen- 
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sen  and  Tanner  ( 1963 )  computed  tlie  recapture 
radii  for  adult  males,  females,  and  juveniles  to 
be  30.2,  40.4  (avg.  35.3),  and  26.3  m.,  res- 
pectively. Since  the  recapture  center  may  be  on 
the  border  of  tlie  grid,  the  sampling  area  would 
have  to  be  extended  bv  35.3  m.  on  each  side  for 
the  adults  and  26.3  m.  for  the  juveniles.  This 
would  increase  the  area  from  92  ares  ( 2.3  acres ) 
to  172.3  ares  (4.3  acres)  for  the  adults  and 
149.6  ares  (3.7  acres)  for  the  juveniles.  Thus, 
tlie  ma.\imum  population  densities  for  the  first 
summer  were  appro.ximately  .55/are  (21.8/acre) 
for  adults  and  juveniles  combined.  Densities  for 
the  second  summer  could  not  be  computed  be- 
cause the  survixal  rate  could  not  be  determined 
( appro.ximated )   for  the  third  summer. 

Survival 

A  survival  curve  could  not  be  established  be- 
cause of  the  short  duration  of  the  study  and  lack 
of  data  on  the  mean  life  length,  but  the  percent- 
age of  survival  is  available.  -Approximately  59 
percent  of  the  adults  which  were  marked  dur- 
ing June  reappeared  the  next  season.  Only  29 
percent  and  17  percent  of  the  adult  females  and 
males,  respectively,  that  were  marked  during 
the  late  summer,  survived  to  the  next  season. 
From  this,  it  appears  as  though  animals  which 
aestivate  early  in  the  summer  have  a  better 
chance  of  surviving  from  one  season  to  the  next. 
Similar  observations  were  made  for  the  juveniles; 
in  this  group  41  percent  of  the  early  spring  juv- 
eniles survived  to  the  next  season,  whereas  33 
and  20  percent  of  the  females  and  males,  res- 
pectively, which  were  active  during  the  late 
summer,  reappeared  the  next  season.  The  early 
spring  juveniles  were  hatchlings  from  the  pre- 
vious summer  and  probably  should  not  be  com- 
pared with  the  late  summer  juveniles. 

These  figures  for  survival  are  difficult  to  ex- 
plain when  the  data  presented  in  Table  5  are 
considered.  For  instance,  if  59  percent  of  the 
adults  survive  from  one  season  to  the  next,  one 
would  expect  fewer  animals  in  the  spring  than 
the  preceding  summer.  This  is  not  borne  out  in 
the  table  which  shows  more  in  the  spring.  Sev- 
eral factors  may  contribute  to  this  apparent  dis- 
crepancv:  (1)  aestivation  and  inactivity  of  ani- 
mals during  the  summer  resulting  in  few  cap- 
tures and  a  low  recapture  rate,  (2)  hibernation 
during  the  winter  months,  and  (3)  an  apparent 
maximum  activity  during  the  early  spring 
months  affecting  an  apparent  increase  in  the 
population  size.  All  of  these  simply  alter  the 
number  of  animals  observed  without  necessarily 
affecting  the  actual  number  present  in  the  area 
at  any  prescribed  time. 


Milstead  ( 19571; )  stated  in  his  discussion  of 
reproduction  of  four  species  of  Cnemidopharus, 
in  which  tii^ris  was  included,  that  "...  a  popu- 
lation of  whiptails  during  any  given  summer 
Near  are  the  young  of  the  preceding  year.  What 
happens  to  the  adults  over  the  winter  is  a  ques- 
tion that  is  not  easily  answered."  The  lizards  at 
the  test  site  behaved  differently  since  at  least  59 
per  cent  of  the  adults  survived  to  the  next  sea- 
son. 

Growth  R.\te 

The  rate  of  growth  actually  determines  the 
time  necessary  to  reach  maturity  and  will  to 
some  extent  affect  the  population  structure.  Mil- 
stead  ( 1957i) )  states  that  maturity  was  reached 
in  one  year  while  Tinkle  ( 1961 )  concluded  that 
2  to  3  years  was  necessary  before  reaching  ma- 
turity. Although  we  have  arbitrarily  determined 
maturity,  it  was  considered  safe  to  assume  that 
animals  equal  to  or  greater  than  70  mm.  were 
adult.  Two  lizards  failed  to  grow  during  the 
year  they  were  observed  and  were  excluded 
from  these  data  since  they  were  both  slightly 
below  70  mm.  It  is  possible  that  young  breed- 
ing adults  mav  be  less  than  70  mm. 

The  growing  rate  is  illustrated  in  Figure  6. 
From  this  it  may  be  observed  that  adult  size  is 
not  attained  until  the  latter  part  of  the  second 
summer  season.  Thus,  maturity  would  more  lik- 
ely take  from  2  to  3  years,  and  reproduction 
would  probably  not  occur  until  the  second  sum- 
mer following  the  season  in  which  they  were 
hatched.  The  rate  of  growth  is  greatest  during 
the  first,  second,  and  third  summers,  respec- 
tively. Virtually  no  growth  is  evident  during  the 
winter  months. 

Eumeces  skiltoniantts  ittahensis  Tanner 
Great  Basin  Sklnk 

One  adult  female  and  five  recent  hatchlings 
are  available.  All  were  taken  from  Rainier  Mesa 
west  of  Yucca  Flat  in  a  Pinyon-Juniper  plant 
community  ( Fig.  2 ) . 

The  hatchlings  range  in  snout-vent  length 
from  27.0  to  33.4  mm.  and  have  the  color  pat- 
tern of  utahen.yis.  There  is  more  blue  in  the 
dorsolateral  stripes  than  observed  in  hatchlings 
from  Utah.  Actually  the  blue  appears  to  be  an 
extension  from  the  tail  and  becomes  progress- 
ively less  apparent  in  the  stripes  from  posterior 
to  anterior.  In  the  adult  the  dorsolateral  stripes 
occupy  more  of  the  second  row  than  in  the 
voung.  This  is  normal  for  the  subspecies  as  we 
have  observed  it  in  populations  further  north  in 
both  Nevada  and  Utah. 
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Scalation  patterns  are  normal;  however,  the 
supralabials  average  7.5  for  the  series  which  is 
lower  than  the  average  for  the  subspecies  ( Tan- 
ner, 1957).  The  dates  of  capture  for  the  hatch- 
lings  (Aug.  11-21 )  arc  well  within  those  dates  es- 
tablished by  Tanner  ( 1957)  for  this  subspecies  in 
similar  habitats  in  Utah. 

SERPENTS 

The  snake  populations  of  the  Nevada  Test 
Site  consist  of  at  least  fifteen  species.  Some  spe- 
cies examined  by  us  are  represented  by  large 
series  while  others  are  known  by  single  spec- 
imens. 

Although  the  present  study  is  concerned  with 
those  snakes  taken  on  the  Nevada  Test  Site,  it 
is  seemingly  necessary  to  discuss  them  in  the 
light  of  their  relationship  to  other  adjoining  pop- 
ulations. Two  species  {TantiUa  iitahemis  and 
Arizotm  e.  Candida)  represent  new  records  for 
the  state  of  Nevada;  some  species  help,  in  the 
clarification  of  distribution,  and  others  provide 
scale  and  color  pattern  variations  which  con- 
tribute significantly  to  our  understanding  of  the 
species.  For  these  reasons  certain  species  will 
receive  more  attention  than  others. 

With  the  exception  of  Cliionactis  occipitalis, 
the  snakes  were  too  infrecjuently  collected  or 
observed  to  reliably  associate  them  with  plant 
communities  or  to  establish  seasonal  variations. 
In  more  instances  the  distribution  of  specimens 
ranged  over  a  wide  variety  of  plant  commun- 
ities when  several  of  one  species  were  collected, 
thus  indicating  that  generally  they  may  not 
have  a  community  preference  as  is  the  case  with 
many  species  of  other  vertebrates  (Fig.  8,  9, 
and  10). 

Masticophis  flagellum  piceus  Cope 
Red  Racer 

A  series  of  14  specimens  is  available  for 
study.  They  were  collected  in  or  along  the  low 
rocky  foothills  of  Frenchman  and  Yucca  flats. 
There  are  no  noticeable  variations  in  the  scale 
patterns  when  compared  with  a  series  from  ad- 
joining areas  in  Nevada  and  Utah.  The  red 
phase  color  pattern  of  the  test  site  specimens 
has  been  used  locally  to  designate  this  species 
as  the  "Red  Racer." 

Masticophis  taeniatus  taeniatus  Hallowell 
Desert  Striped  Whipsnake 

This  is  one  of  our  most  wide  spread  Great 
Rasin  species,  occurring  in  large  numbers 
throughout  most  of  its  range.  In  spite  of  its  abun- 


dance, it  is  not  seen  as  often  as  one  might  ex- 
pect because  of  its  speed  and  wariness.  Three 
specimens  from  the  test  site  are  available  for 
study.  This  small  number  should  not  be  con- 
sidered as  an  indicator  of  their  scarcity  in  the 
test  site  but  undoubtedly  reflects  the  lack  of  col- 
lecting on  the  rocky  hillside  habitats.  Although 
the  ecological  ranges  of  jlagellum  and  taeniatus 
are  adjacent  and  thus  provide  for  some  over- 
lapping, they  appear  to  inhabit  different  habitats 
and  are  not,  therefore,  normally  competing  with 
one  another. 

Salvadora  hexalepis  mojavensis  Rogert 
Mohave  Patch-Nosed  Snake 

Ten  specimens  are  available  for  study.  This 
series,  though  small  by  most  standards,  is  a 
larger  series  than  is  usually  available  for  this 
species  from  a  localized  area. 

The  scale  patterns  are  similar  to  those  of  a 
series  from  southwestern  Utah  and  represent  a 
similar  if  not  the  same  general  population.  A 
comparison  of  the  ventral  and  caudal  averages 
in  this  series  with  a  series  of  11  from  Utah 
(placed  in  bracks  )is  as  follows:  ventrals  d  198.6 
(197.5),  5  200.00  (197.6);  caudals  d"  91.7 
(90.3),  9  84.3  (81.2).  Other  scale  and  color 
patterns  are  similar  in  both  series. 

The  test  site  is  near  if  not  at  the  northern 
limits  for  this  species  in  south-central  and  south- 
eastern Nevada.  A  specimen  from  Hiko  (R.Y.U. 
18047)  about  40  miles  northeast  of  the  test  site 
represents  perhaps  the  most  northern  record  for 
Nevada.  This  species  occurs  widely  throughout 
the  area  and  has  been  taken  primarily  on  the 
upper,  usually  rocky  edges  of  the  valleys  and 
bajadas. 

Phijllorhijnchus  decurtattis  perkinsi  Klauber 
Western  Leaf-Nosed  Snake 

Rased  on  the  report  of  Klauber  (1935)  this 
is  the  first  record  of  this  species  for  Nye  County 
and  extends  its  range  in  Nevada  nearly  lOO 
miles  northwest.  All  specimens  (R.Y.U.  17924-5, 
177.58-9)  were  taken  in  Frenchman  Flat. 

The  three  males  are  uniform  in  scale  pat- 
terns, and  although  the  ventrals  (169)  are  low- 
er than  the  average  as  indicated  by  Klauber 
( 1940fl:207)  for  western  and  northern  specimens, 
they  arc  within  the  established  limits  of  168-182. 
The  single  female  has  182  ventrals  which  is  also 
lower  than  the  average  (187.7)  set  by  Klauber. 

The  dorsal  pattern  consists  of  a  row  of  large 
spots   separated  by   the   light  area   longer  than 
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Crotalus      m,    Stephens! 
Crotalus      c.     cerastes 
Chionactis      o.    falpina 
Arizona     e.     eburnata 
Trimorptiodon       lannbda 


Fig.    8.  Collection    and   ob.servation    .sites    t>(    Crotalus  mitchclli,  Crotalus  cerastes,  Chionactis  occipitalis,  Ariz- 
ona clcgans,  and  Trimorphodon  lumhda. 
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Lampropeltis     g.     californiae  JB^ 

Hypslglena       f.      deserticola  ^' 

Masticophls     t.      foeniatus  ■ 

Masticophis      f.      piceus  %^ 
Tanfilla       utahensis 


Fig.   9.    Collection   and   observation  sites  of  Lampropeltis  ficliilus.  Uijpsi'^lcna  torquatii,  Masticophis  taeniatus, 
Masticophis  jlagcUum,  and  Taiitilhi  utahensis. 
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Fig.    10.    Collection  and  ob.servation  sites  of  Phyllorhi/nclius    dccurtatus,    Pitiiophis    catenifer,    Salvadora    hex- 
alepis,    Rhinocheilus    lecontei,    and    Sonora   semiannuluta. 
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the  length  of  each  spot.  The  female  has  49  and 
the  three  males  are  40,  44,  and  45  (avg.  42.3). 

With  so  few  specimens  available  we  can  only 
suggest  that  the  northern  populations  have  few- 
er scales  (ventrals  and  caudals)  and  a  greater 
number  of  dorsal  spots  than  most  specimens  seen 
by  Klauber  (1935,  1940a).  The  ventrals  are  near 
the  lower  limits  (  d  168,  9  181),  with  the  total 
dorsal  spots  (body  and  tail)  more  than  the  av- 
erage set  by  Klauber  (1935)  at  34.8  and  7.9, 
respectively.  We  are  perhaps  now  seeing  a  cline 
which  for  lack  of  specimens  from  the  northern 
limits  was  not  previously  possible.  There  is  rea- 
son to  suspect  that  these  snakes,  because  of  their 
burrowing  habits,  do  not  move .  far  in  a  life- 
time. If  this  is  true,  then  many  populations  oc- 
curring in  small  desert  basins  such  as  French- 
man and  Yucca  flats  may  interbreed  little  with 
adjoining  basin  populations.  Such  reasoning 
would  explain  the  lack  of  uniformity  in  the 
scale  and  color  patterns  of  this  species  in  south- 
ern Nevada. 

Arizona  elegans  Candida  Klauber 
Western  Mojave  Glossy  Snake 

According  to  Klauber  (1946)  Arizona  ele- 
gans in  south-central  Nevada  belongs  to  the  sub- 
species ehurnata.  Few  specimens  have  been  ex- 
amined in  previous  studies  and  only  seven  spe- 
cimens are  available  to  us  from  the  test  site. 
Klauber  places  the  limits  for  the  ventrals  of 
ebuniata  at  d  208-228  and  9  220-241.  This  is 
well  above  the  test  site  specimens  which  range 
from  d  206-218,  and  9  212-222,  respectively.  In 
neither  sex  do  the  ventrals  approach  the  aver- 
ages listed  by  Klauber  (219.5  for  males;  231.2 
for  females)  for  eburnata.  The  counts  for  the 
test  site  specimens  are  nearer  to  those  given  for 
Candida,  (d  208-220,  9  220-232),  but  again 
are  lower  than  the  hsted  averages. 

The  dorsal  spots  are  either  larger  or  more 
widely  separated  (occasionally  both)  than  in 
the  paratypic  series  of  eburnata,  58-82  (68.41) 
and  Candida  55-73  (62.91).  The  test  site  speci- 
mens are  56-63  (59.2).  Equally  significant  in 
the  color  pattern  is  the  width  of  the  dorsal  spots. 
Some  spots  are  only  eight  or  nine  scale  rows,  but 
usually  the  dorsal  spots  extend  for  9  to  12  scale 
rows  across  the  back.  The  two  lateral  rows  of 
spots  alternate  with  each  other  and  with  the 
dorsal  row.  In  juvenile  and  subadult  specimens, 
the  lateral  suffusion  of  pigment  is  not  present 
and  in  adults  it  is  reduced.  This  produces  a  very 
distinct  spotting  not  seen  in  adult  eburnata.  In 
adults  the  dorsal  interspaces  between  the  spots 
become  light  colored  producing  a  distinct  light 


and  dark  dorsal  spotting.  One  specimen  (B.Y.U. 
21215 )  has  the  following  colors  as  determined  by 
the  Ridgeway  Color  Standards:  background  an 
olive  buff  with  a  faint  yellowish-orange  along 
the  margins  of  the  scales  becoming  light  orange 
yellow  to  orange  buff  on  the  skin  between  the 
scales.  The  dorsal  and  lateral  spots  are  light 
yellowish-olive  with  darker  brown  spots  on  the 
margins. 

Unfortunately  a  large  series  of  comparative 
Candida  and  California  eburnata  are  not  avail- 
able, but  those  at  hand  substantiate  the  relation- 
ship of  the  test  site  material  to  Candida.  The  oc- 
currence of  this  subspecies  in  western  and  south- 
central  Nevada  greatly  extends  the  range  of 
Candida  to  the  northeast  and  suggests  that  the 
distribution  of  eburnata  in  Nevada  be  restricted 
to  the  Las  Vegas  and  Virgin  River  valleys. 

Pituophis  catenifer  deserticola  Stejneger 
Great  Basin  Gopher  Snake 

Ten  specimens  are  relatively  uniform  in  scal- 
ation.  They  follow  the  general  pattern  of  the 
large  series  from  the  Great  Basin  at  Brigham 
Young  University  (Tanner,  1939),  namely  that 
there  is  clinal  increase  in  ventral  and  dorsal 
rows  from  north  to  south.  In  Utah  except  for 
specimens  from  the  south  ( Washington  County ) 
most  ventral  counts  are  less  than  240  scales,  and 
the  dorsals  are  usually  in  29  or  31  rows.  The  test 
site  specimens  all  have  more  than  240  ventrals 
(avg.  246.2)  and  33  to  35  dorsals.  In  this  they 
reflect  the  clinal  increase  from  central  Nevada 
and  Utah  ( where  there  are  usually  less  than  240 
ventrals  and  31  or  less  dorsals )  to  southern  Utah 
(where  ventrals  are  more  than  240  and  dorsals 
are  29  to  33). 

Lampropeltis  getulus  californiae  Blainville 

California  Kingsnake 

Two  female  specimens  of  the  banded  phase 
were  collected.  Both  are  similar  to  others  of  this 
color  phase  seen  from  Utah  and  California.  In 
scalation  they  are  also  much  the  same  except 
for  the  ventrals  which  are  well  above  average 
with  253  scutes  in  each  specimen. 

Rhinocheilus  lecontei  lecontei  Baird  and  Girard 
Western  Long-Nosed  Snake 

Six  specimens  in  our  collection  and  five  ad- 
ditional live  ones  from  the  test  site  have  been 
examined.  Four  specimens  have  the  color  char- 
acteristics defined  by  Klauber  (1941)  for  the 
subspecies  lecontei,  four  are  typical  clarus,  and 
three  intermediate.  The  scalation  characters  are 


Bi()i-i)(;ic  Ai.  Skhies,  \()l.  3,  No.  3,  OcnouEH,  1963 


25 


similar  to  a  series   (13  specimens)    from  south- 
ern and  western  Utah. 

The  principle  characters  used  by  Klauber 
for  separating  clant.s  from  Iccoiitei  are  the  fewer 
and  larger  dorsal  spots  or  bands;  and  the  nearly 
if  not  complete  absence  of  pigment  in  the  light 
areas  between  the  spots.  Using  these  criteria  we 
would  ha\'e,  in  the  24  specimens  examined  from 
Nevada  and  Utah,  six  dams'  (B.Y.U.  2879,  3  mi. 
S  Bunkerville,  Clark  Co.,  Nevada;  B.Y.U.  18761 
and  three  live  ones,  NTS  N  of  Mercury,  Nye 
Co.,  Nevada;  and  U.  of  U.  2027,  St.  George, 
Washington  Co.,  Utah).  The  first  of  these  has 
24  body  spots,  three  have  23,  and  one  each  has 
22  and  21.  A  specimen  (B.Y.U.  2863)  from 
White  Valley,  Millard  Co.,  Utah  has  25  spots, 
and  other  specimens  from  Utah  and  Nevada 
range  up  to  32  with  an  average  of  approximately 
29.  There  is  not  a  clear  break  in  the  numbers  of 
spots  or  in  the  percentage  of  pigmentation  be- 
tween the  spots,  suggesting  to  us  a  variation 
within  a  subspecies  rather  than  two  widespread 
overlapping  subspecies.  Both  specimens  from  St. 
George  and  Bunkerville  (clarus)  have  much 
red  associated  with  the  spots  and  the  inter- 
spaces; three  from  the  test  site  are  juveniles 
with  only  a  trace  of  reddish-orange.  Several  ju- 
veniles have  been  noted  alive  from  Utah,  and 
thev,  too,  have  a  reduction  in  the  reddish  color 
but  lack  the  contrasting  black  and  white  bands. 
Concerning  the  diffused  and  stippled  pigment 
in  the  light  areas  between  the  black  spots  we 
find  this  to  vary  from  almost  none  to  consider- 
able amounts  in  the  Bunkerville  specimen  and 
those  seen  from  the  test  site. 

In  spite  of  the  fact  that  Klauber  ( 1941 )  has 
listed  the  Bunkerville  specimens  as  chnis,  we 
fail  to  see  it  or  other  specimens  from  southern 
Nevada  with  a  reduced  nimiber  of  spots  as  other 
than  a  color  phase  in  the  subspecies  lecontei. 
There  is  ample  evidence  that  such  pattern  di- 
chromism  (or  perhaps  polychromism )  occurs  in 
other  species  of  snakes  in  southwestern  United 
States.  Klauber's  study  (1939)  of  the  California 
king  snake  and  Stickel's  (1943)  work  with  So- 
nora  establishes  ample  proof  of  such  phenomena. 
The  data  available  may  not  as  yet  be  decisive, 
recjuiring  a  study  of  hatchlings  before  a  final 
decision  on  the  validity  of  clarus  is  made.  In  the 
meantime  we  prefer  to  consider  clarus  a  color 
phase  of  lecontei,  inasmuch  as  subspecies  are 
not  ordinarily  sympatric  in  the  same  geograph- 
ical area.  We  realize  that  our  series  of  eleven 
specimens  from  the  Nevada  Test  Site  is  not  large 
but  believe  it  to  be  adequate  inasmuch  as  the 
material  is  from  one  population  and  has  a  com- 
plete range  from  the  clarus  color  phase  to  le- 


contei. We,  therefore,  recognize  only  lecontei  in 
southern  Nevada  and  Utah.  Specimens  were 
taken  in  Yucca  Flat  in  the  Grayia-Lycium  plant 
community,  and  in  Jackass  Flats  in  a  mixed  com- 
munity. 

Sonora  scmiannulata  isozona  Cope 
Great  Basin  Ground  Snake 

Six  specimens  are  available  from  the  test  site. 
In  scalation  this  series  is  similar  to  those  avail- 
able from  Idaho,  Nevada,  and  Utah.  One  male 
from  the  test  site  has  61  caudals,  a  count  higher 
than  previously  reported  for  this  species. 

The  color  pattern  in  five  is  the  usual  bicol- 
ored  phase,  but  the  other  specimen  is  a  modifi- 
cation of  the  striped  phase  and  is  described  as 
follows;  four  middorsal  rows  reddish-orange  with 
flecks  of  gray,  the  gray  becoming  more  predom- 
inant laterally;  first  three  lateral  rows  and  ven- 
trals  gray  with  the  centers  of  the  lateral  scales 
a  darker  gray;  head  and  nape  gray.  In  life,  tfiis 
specimen  had  a  reddish  dorsal  stripe  extending 
from  the  nape  onto  the  tail;  laterally  the  red  is 
replaced  by  the  gray  over  a  space  of  two  or 
three  scale  rows.  The  replacement  is  uniform 
producing  a  blending  between  the  dorsal  and 
lateral  colors. 

A  departure  from  the  more  standard  bicolor 
phase  to  a  modified  striped  phase  or  to  plain 
gray  or  orange  phases  has  been  observed  by  us 
in  specimens  from  Idaho,  Nevada,  California 
and  from  Chihuahua,  Mexico.  Although  the  color 
phase  phenomenon  is  discussed  elsewhere,  it 
should  be  indicated  that  in  this  species  we  are 
not  concerned  with  pattern  dichromism  but  with 
pattern  polychromism. 

Chionactis  occipitalis  talpina  Klauber 
Nevada  Shovel-Nosed  Snake 

By  employing  can  traps  in  several  of  the 
valleys,  we  have  secured  32  specimens  from  the 
test  site.  This  is  the  largest  series  of  a  snake  av- 
ailable to  us  from  the  Nevada  Test  Site. 

The  type  locality  for  talpina  is  50  miles  south 
of  Goldfield  on  the  highway  to  Beatty,  Nye 
County,  Nevada.  This  locality  is  really  closer  to 
Beatty  than  Goldfield,  being  only  approximately 
15  miles  north  and  is  in  the  southeastern  part 
of  Sarcobatus  Flat.  In  relationship  to  the  test 
site  the  type  locality  is  about  50  miles  directly 
west  of  Yucca  Flat. 

Klauber  ( 1951 )  based  his  description  of 
talpina  on  three  specimens  (two  males  and  one 
female)  and  used  as  his  primary  key  character 
the  presence  of  secondary  bands  (or  pigmenta- 
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tion)  in  the  interspaces  between  the  primary 
bands.  As  secondary  characters  the  primary 
bands  were  brown  ( rather  tlian  black )  and  tlie 
ventrals  were  increased  (152  or  more  in  males 
and  160  or  more  in  females).  The  availability  of 
the  present  large  series  may  add  to  our  under- 
standing of  this  northern  subspecies. 

With  only  three  specimens  available,  aver- 
ages and  pattern  ranges  were  not  possible  at  the 
time  of  its  description.  It  is  therefore,  considered 
desirable  to  present  these  data  now,  based  on 
the  present  series  (32)  and  the  three  types.  Com- 
parative material  used  is  taken  from  Klauber 
( 1951 )  and  from  seven  specimens  in  the  B.Y.U. 
collection  from  California.  These  data  are  best 
set  forth  in  Table  7. 

In  all  characters  except  the  pigmentation  in 
the  light  interspaces,  these  two  subspecies  are 
essentially  the  same  and  do  not  vary  sufficiently 
to  warrant  separation.  However,  the  secondary 
banding  is  distinct  enough  to  provide  a  key 
character  useful  in  separating  appro-ximately 
72  percent  of  the  individuals  of  these  subspecies. 
This  is  assuming  that  occipitalis  has  no  pigmen- 
tation between  the  spots  and  that  talpina  does. 
On  this  basis  25  specimens  of  talpina  have  at 
least  distinct  lateral  if  not  dorsal  pigmentation 
in  the  interspaces,  six  have  faint  lateral  spotting 
and  four  have  none. 

It  is  also  possible  that  specimens  taken  in 
the  type  locality,  Amargosa  Desert,  and  west 
into  California  may  show  a  greater  differentia- 
tion, but  based  on  the  Nevada  Test  Site  mater- 
ial, with  the  three  types  included,  talpina  must 
be  considered  to  be  strictly  a  color  phase  of  oc- 
cipitalis. We  are  permitting  it  to  stand  because 
the  material  from  the  Las  Vegas  area  is  occipi- 
talis and  may  have  an  intergrading  effect  on  the 
test  site  population,  thus,  limiting  typical  talpina 
to  the  areas  of  western  Nye  County,  Esmeralda 
County,  and  immediate  eastern  California.  This 
conforms  to  a  recent  study  by  Elvin  (1963) 
which    includes    material    from    Western    Nye 


County  and  Saline  Valley,  California. 

This  species  was  abundant  in  Grayia-Lycium 
and  Larrea-Franseria  plant  communities  from 
May  through  August. 

Hypsiglena  torguata  deserticola  Tanner 
Desert  Night  Snake 

A  single  specimen  taken  just  east  of  Mercury 
is  available  from  the  test  site.  It  is  a  typical  spec- 
imen in  both  scalation  and  color  pattern.  This  is 
to  be  expected  inasmuch  as  this  area  is  near  the 
center  of  the  geographical  range  of  deserticola. 

Trimorphodon  lambda  Cope 
SoNORA  Lyre  Snake 

A  single  specimen  was  taken  from  near  Mer- 
cury, Nye  County.  In  all  characters,  except  the 
ventrals,  it  is  within  the  limits  set  up  by  Klauber 
(19405).  There  are  only  221  ventrals  which  is 
one  less  than  observed  previously  for  males.  In 
this  and  other  characters  it  is  similar  to  south- 
western Utah  material.  Klauber  (1940Z;)  refers 
to  two  Nevada  specimens  which  have  a  contact 
on  one  side  between  the  preocular  and  frontal; 
this  characteristic  is  also  true  for  our  specimen. 

This  record  extends  the  range  for  approxi- 
mately 75  miles  to  the  northwest  and  is  a  new 
record  for  Nye  County. 

Tantilla  utahcnsis  Blanchard 
Utah  Black-Headed  Snake 

Two  specimens  (B.Y.U.  17922-3)  were  col- 
lected in  can  traps  on  the  western  edge  of  Yucca 
Flat.  Both  are  females  and  are  within  the  scala- 
tion limits  established  for  this  species  (Tanner 
and  Banta,  1963).  This  record  is  important  not 
only  because  it  is  the  first  reported  for  Nevada 
but  also  because  it  indicates  a  continuous  range 
for  utahcnsis  from  southwestern  Utah  across 
Nevada  to  the  populations  in  California. 


Table  7.  Comparison  of  ventral  and  caudal  scales  and  body  spots  in  Chionactis  o.  occipitalis 
and  Chionactis  o.  talpina. 


occipitalis 
Male  (3)  Female  (4) 


Subspecies 


talpina 
Male  (19)  Female  (15) 


Ventrals  146(155.9)165  153(16,5.9)176 

Caudals  38(44.7)50  37(41.9)48 

Body  spots  25(31.2)40 


148(151.3)155"  157(160.6)164 

41(45.3)49  43(44.8)48 

24(31.2)39 


"Not   including   male   paratype   which   is   reported   to  have  162  ventrals. 
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Ciotaliis  initchclli  stephensi  Klauber 
Pan  a  m  in  t  R  attlesn  a  ke 

Tliis  moderate  to  medium-sized  rattlesnake  is 
widely  distributed  oxer  the  test  site  and  ranges 
from  tile  desert  Hats  to  the  iiigher  Pinyon-Jun- 
iper  eommunit\'.  Fourteen  speeimens  are  avail- 
able for  study. 

Perhaps  this  speeies  provides  a  greater  diver- 
sifieation  in  eolor  and  eolor  patterns  than  an\' 
other  snake  diseussed.  Crotalti.s  in.  stephensi  has 
a  range  in  ground  eolor  from  dark  gray  to  a 
pinkish-tan.  The  spots  also  partieipate  in  the 
eolor  variations,  thus  providing  eolor  and  pat- 
terns whieh  marks  each  adult  specimen  differ- 
ently. The  dorsal  spots  range  in  ninnber  from 
32  to  40  on  the  body  and  from  3  to  7  on  the 
tail.  Each  spot  is  edged  with  either  a  darker 
shade  of  grayish-black  or  reddish-tan,  depend- 
ing on  the  basic  ground  color,  and  has  a  lighter 
color  in  the  center.  There  is  a  general  trend  for 
the  dorsal  series  of  spots  to  be  longer  anteriorly 
and  wider  posterity,  with  dark  flecking  be- 
tween the  spots,  or  it  may  be  a  uniform  light 
gray  or  tan.  Based  on  color  patterns,  this  species 
shows  greater  variation  than  any  other  snake  on 
the  test  site,  except  perhaps  Rliinocheilus. 

In  scalation  the  variation  is  within  the  range 
limits  established  by  Klauber  ( 1930).  The  ranges 
for  the  test  site  series  are  as  follows:  ventrals, 
males  168-181,  females  171-178;  caudals,  males 
26-27,  females  17-20;  supralabials  13-16,  and 
infralabials  12-16.  In  all  specimens  the  supra- 
oculars are  sutured,  indentated,  and  roughened 
as  is  characteristic  for  this  subspecies.  The  larg- 
est male  and  female  are  881  and  728  mm.  total 
length,  respectively. 

Crotalus  cerastes  cerastes  Hallowell 
MojAVE  Desert  Sidewinder 

Specimens  taken  on  or  to  the  west  of  the  test 
site  seemingly  represent  the  most  northern  pop- 
ulation of  cerastes  in  Nevada.  A  specimen 
(B.Y.U.  18786)  taken  40  miles  north  of  Beatty 
is  the  most  northern;  however,  collecting  has 
not  been  attempted  or  is  restricted  by  security 
in  the  more  northern  valleys  of  the  test  site 
(Groom  and  Penoyer  Valleys).  Ten  specimens 
are  available  from  Frenchman  Flat,  Jackass 
Flats,  and  Mercury  Valley.  Only  one  female  is 
represented  in  this  series,  thus  providing  vari- 
ation data  only  for  the  males. 

Several  have  more  than  21  dorsal  rows  just 
behind  the  head,  only  one  has  as  many  as  24 
rows  at  mid-body.  The  ventrals  range  from  1.38 
to  142  (avg.  139 J)  in  the  males  and  146  in  the 


single  female.  Caudals  range  from  22  to  25  (avg. 
23.1)  in  males  and  the  female  has  18.  In  other 
scale  formulae  there  is  nearly  complete  uni- 
formity. 

A  comparison  of  the  males  to  those  listed  by 
Klauber  (1944)  for  the  Mojave  Desert  series 
suggests  that  the  Nevada  populations  have  on 
the  average  a  higher  ventral  count.  Seventy- 
eight  specimens  averaged  136.9,  approximately 
tiiree  scales  less  tiian  the  test  site  series.  In  the 
caudals  there  is  also  an  average  increase  of  one 
scale.  In  neither  ventrals  nor  caudals  are  the 
range  limits  exceeded.  This  is  a  reflection  of  the 
small  area  covered  and  perhaps  of  tlie  uniform- 
ity among  the  snakes  of  this  local  population. 

PROBABLE    SPECIES 

At  least  three  other  reptile  species  may  occur 
at  the  test  site:  the  Great  Basin  Sagebrush  Liz- 
ard {Sccloponts  ^raciosus),  the  worm  snake 
{Lcptotijphlops  hwnilis),  and  the  Great  Basin 
rattlesnake  (Crotalus  viridis).  The  worm-snake 
has  been  collected  in  Clark  County  (Boulder 
Dam  environs,  Klauber,  1940c;  Indian  Springs, 
La  Rivers,  1942)  to  the  southeast  and  at  Ash 
Meadows,  Nye  County  (Banta,  1953),  to  the 
southwest.  The  two  specimens  from  Indian 
Springs  were  detemiined  by  Klauber  to  be  L. 
h.  utahensis.  This  species  is  difficult  to  locate, 
but  if  present  would  probably  be  in  the  rocky 
foothill  areas  surrounding  the  lower  valleys. 

Although  not  as  yet  collected  at  the  test  site, 
the  Great  Basin  rattlesnake  (Crotalus  virklis  lu- 
tosus  Klauber )  is  probably  present  on  the  higher 
mesas.  This  species  is  frequently  collected  from 
similar  plant  communities  ( Pinyon-Juniper )  in 
the  Great  Basin  Desert.  It  has  been  taken  from 
several  locations  in  Nye  County  north  of  the  test 
site  in  much  the  same  habitat  as  occurs  at  Rain- 
ier Mesa,  west  of  Yucca  Flat. 

The  distribution  maps  presented  by  Smith 
(1946)  and  Stebbins  (19.54)  include  the  test 
site  within  the  range  of  Sceloporus  g.  graciosus. 

From  a  review  of  the  known  distribution  and 
habitat  occurrences,  it  is  presumed  that  the  three 
doubtful  species  are  present  at  the  test  site  but 
have  been  missed  by  our  limited  collecting  in 
their  more  specific  habitats.  The  habitat  of 
Crotalus  viridis  lutosus  is  essentially  the  same  as 
for  graciosus.  and  it  is  expected  that  both  would 
occur  in  the  same  plant  communities. 

During  three  years  of  study  (1960-62)  not  a 
single  amphibian  has  been  recorded.  One  might 
have  expected  to  find  the  Great  Basin  spadefoot; 
however,  it  has  not  been  seen  at  the  few  per- 
manent springs  or  iifter  the  infrequent  thun- 
derstorms. 
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Fig.  11  Vegetation  zones  around  a  disturbed  ground  zero,  trapping  design  indicated  by  four  transeets  B,  D. 
F,  and  H.  Mixed  grass  is  composed  primarily  of  S/i/ja  spcciosa,  Oryzopsis  hiimenoiclcs.  Situnion  hiinseni,  and  Hilaria 
jamesi;    composition    of    other   communities    was    discussed  previously- 
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An  objective  of  the  ecological  studies  at  the 
Nevada  Test  Site  is  to  determine  how  animal 
populations  are  affected  by  nuclear  weapons 
tests.  Ground  zeros  (center  points  of  nuclear  de- 
tonations) scattered  throughout  the  test  site 
have  resulted  in  varying  types  of  disturbance  to 
the  native  biota.  Generally,  the  area  immediately 
surrounding  each  ground  zero  has  been  denuded 
of  its  original  vegetation  and  probably  was  ini- 
tially stripped  of  most  animals.  The  degree  of 
disturbance  naturally  decreases  as  the  radius 
extends  from  ground  zero  outward  and  the  size 
of  nuclear  devices  decreases. 

The  effects  of  this  type  of  disturbance  are 
apparent  on  reptiles  near  ground  zero,  but  the 
effects  at  greater  distances  are  not  nearly  as  evi- 
dent. These  are  generally  in  areas  where  dis- 
turbance resulted  in  scattered  fires,  seismism, 
and  damaged  but  not  killed  vegetation,  and 
radioactive  fallout.  Also,  an  important  factor  in 
evaluating  the  total  effects  of  disturbance  is  the 
rate  and  extent  to  which  endogenous  species  re- 
invade  the  disturbed  area  after  being  forced 
out.  Subsequent  to  the  original  disturbance  and 
after  many  years,  the  biota  will  re-establish  it- 
self through  a  series  of  successional  stages.  Al- 
though primary  plant  invaders  quickly  estab- 
lish themselves  (Shields  and  Wells,  1962),  it  will 
recjuire  many  years  in  this  desert  area  before 
the  endemic  shrubby  vegetation  is  again  estab- 
lished. When  pioneer  plant  invaders  and  subse- 
quent developmental  stages  occupy  the  area, 
they  provide  cover  and  food  for  certain  assoc- 
iated animals  which  invade  the  disturbed  area 
at  the  same  time. 

One  representative  ground  zero  was  selected 
for  study,  and  the  effects  of  a  nuclear  detona- 
tion on  reptiles  are  inferred  from  this  single  ex- 
ample. Four  detonations  have  occurred  at  this 
particular  site.  The  last  was  in  September  1957, 
two  years  before  the  Brigham  Young  University 
study  began.  The  trapping  design,  as  described 


by  White  and  Allred  (1961,  Fig.  1),  consisted 
of  sunken  can  traps  at  264  ft.  distances  along 
each  of  the  four  transects  radiating  outward 
7,920  ft.  from  ground  zero.  This  design  resulted 
in  30  stations  along  each  transect  (Fig.  11). 
These  traps  were  serviced  periodically  (usually 
3  times  per  week)  and  the  kinds  and  numbers 
of  lizards  collected  at  each  station  recorded. 
From  these  data  relative  numbers  were  deter- 
mined which  were  used  to  evaluate  the  total 
effect  which  nuclear  detonations  had  on  the  dis- 
tribution of  lizards. 

The  distribution  of  lizards  within  the  various 
disturbance  zones  is  considered  only  for  Uta 
stiuishiiriana  and  Cnemidophorus  tigris  which 
were  collected  in  sufficient  numbers  to  evalu- 
ate their  response  to  nuclear  disturbance. 

Cnemidophorus  tigris  was  distributed 
throughout  the  disturbed  area,  except  for  the 
immediate  vicinity  of  ground  zero.  This  area 
was  characterized  by  an  asphalt  pad  around 
ground  zero  extending  out  to  station  three 
(Fig.  11),  followed  by  an  area  out  to  about 
station  four  which  was  excessively  disturbed  by 
grading  after  the  detonation.  Uta  statxshtiriana 
was  distributed  essentially  evenly  from  station  10 
outward.  The  reason  for  its  apparent  absence 
closer  to  ground  zero  is  unknown  inasmuch  as 
it  was  abundant  within  the  limits  of  the  initial 
denuding  that  resulted  from  tlie  test  (Fig.  11). 
The  distributions  of  these  two  species  apparent- 
ly were  affected  by  the  detonation.  Factors  that 
may  have  influenced  this  are  lack  of  food  and 
suitable  habitat.  Perhaps  appropriate  food  has 
not  followed  the  pioneer  plants  into  the  dis- 
turbed area  or  the  vegetation  did  not  offer  a 
suitable  cover.  It  was  not  possible  to  evalu- 
ate the  effects  of  the  initial  or  residual  radi- 
ation, inasmuch  as  the  time  lapse  of  three  years 
since  detonation  has  permitted  the  original  in- 
tensity to  decay  to  low  levels. 
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MITES  ON  KANGAROO  RATS  AT  THE  NEVADA  TEST  SITE 


INTRODUCTION 


In  August  1959  Brigham  Young  University 
began  an  ecological  survey  of  the  native  animals 
at  the  Nevada  Test  Site  near  Mercury,  Nye 
County,  Nevada.  The  objective  was  a  compara- 
tive study  to  determine  the  reaction  of  the 
animals  to  exposure  of  nuclear  effects.  The 
phase  of  the  project  reported  herein  covered 
the  period  from  August  1959  to  December  1961. 
The  intent  was  to  determine  the  kinds  of  mites 
found  on  kangaroo  rats  of  two  species,  Dipod- 
oniijs  inenknni  meiriatui  Mearns  and  Dipod- 
omijs  microps  occidcntcdis  Hall  and  Dale,  ( 1 ) 
where  both  hosts  occupied  the  same  habitat  in 
about  equal  numbers,  (2)  where  one  host  was 
predominantlv  more  abundant  than  the  other, 
(3)  living  in  nuclear  disturbed  areas  and  con- 
tiguous undisturbed  areas,  (4)  from  the  stand- 
point of  seasonal  occurrence,  and  (5)  to  deter- 
mine the  microhabitat  of  the  mites. 

As  far  as  is  known,  this  was  the  first  system- 
atic study  of  its  kind  dealing  with  parasitic 
mites  of  kangaroo  rats.  A  seasonal  study  of  the 
ectoparasites  of  D.  ordii  ssp.,  and  D.  microps 
honnevdlei  Goldman  was  made  by  personnel 
of  the  University  of  Utah  Institute  of  Environ- 
mental Biological  Research  at  Dugway,  Utah, 
but  their  data  on  mites  have  not  been  published. 
Brennan  and  Beck  (1955)  listed  five  species  of 
chigger  mites  from  D.  ordii  and  D.  merriami  in 
Utah  as  part  of  a  study  of  the  ectoparasites  of 


Utah.  Could  (1956)  listed  eight  species  of 
chiggers  found  on  kangaroo  rats  in  California, 
and  Loomis  (1956)  reported  nine  species  of 
chiggers  on  kangaroo  rats  in  Kansas.  Other 
published  records  of  mites  from  kangaroo  rats 
are  very  few  and  are  from  collections  incidental 
to  other  studies. 
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assisted  this  research.  I  express  gratitude  to  Drs. 
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helped  in  the  collection  and  preparation  of 
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STUDY  AREAS  AND  PROCEDURES 


The  Nevada  Test  Site  is  situated  in  south- 
eastern Nye  County,  adjacent  to  the  western 
boundaries  of  Clark  and  Lincoln  counties. 
Study  areas  were  established  in  the  three  major 
valleys  of  Jackass,  Yucca,  and  Frenchman  flats, 
although  most  collections  were  made  in  the 
latter  two  areas.  Frenchman  and  Yucca  flats 
each  has  a  large  playa  supporting  little  or  no 
vegetation,  whereas  Jackass  Flats  has  an  open 
drainage  system  and  lacks  a  playa.  The  valleys 
lie  at  elevations  between  940  and  1,125  meters. 
The  test  site  presents  an  interesting  ecological 
situation  in  having  communities  typical  of  both 


the  Mojave  and  Great  Basin  influences.  Allred, 
Beck  and  Jorgensen  ( 1963 )  discussed  the  geo- 
graphic and  vegetative  features  of  the  test  site 
and  study  areas. 

The  plant  communities  from  which  animals 
were  trapped  were  designated  on  the  basis  of 
the  predominant  plant  species  present.  These 
were  (1)  Artemisia  tridentata  Nutt.,  (2)  Atri- 
pJex  confcrtifolia  (Torr.  and  Frem.)  Wats,  and 
Kochia  americana  Wats.,  (3)  Coleogyne  ram- 
osissima  Torr.,  (4)  Graijia  spinosa  (Hook.) 
Moq.  and  Ltjcium  andersonii  A.  Gray,  (5)  Lar- 
rea  divaricata  Gov.  and  Franseria  dumosa  Gray, 
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(6)  Lijcium  pallidum  Miers.,  (7)  Salsoki  kali  L., 
and  (8)  Mixed.'  The  Mixed  designation  con- 
sists of  complexes  of  both  northern  and  soutliem 
desert  shrubs.  These  do  not  fit  clearly  into  the 
other  plant  community  types,  and  it  is  difficult 
to  designate  a  predominant  plant  type  because 
of  the  relative  numbers  of  the  numerous  species 
present.  In  designating  the  major  plant  commun- 
ities at  the  Nevada  Test  Site,  Allred,  Beck  and 
Jorgensen  (196.3)  listed  Artemisia  fridentata  as 
part  of  the  Coleogyne  community,  and  Lt/cium 
pallidum  as  part  of  the  Larrea-Franscria  com- 
munity. These  two  plant  species  occur  in  rela- 
tively pure  stands  but  cover  only  small  areas. 
Because  each  may  have  its  own  species  of  ani- 
mals, each  is  considered  as  a  separate  commun- 
ity in  this  paper. 

The  vegetation  in  all  the  areas  studied  shows 
no  physical  disturbance  from  the  effects  of  nu- 
clear detonations  except  at  one  study  site  in  the 
Grayia-Lycium  community  where  plants  were 
damaged  by  wind  and  thermal  forces.  This  site 
was  designated  as  "Grayia-Lycium  disturbed" 
as  contrasted  to  the  Grayia-Lycium  (undis- 
turbed). In  several  areas  where  nuclear  detona- 
tions occurred,  the  native  vegetation  was  elim- 
inated and  Salsola  was  the  predominant  in- 
vasive plant. 

Many  rats  were  collected  during  mammal 
population  and  home  range  studies.  Young-type, 
live-catch  traps  and  Museum  Special,  break-back 


traps  baited  with  oatmeal  were  used  for  trapping 
rats.  Trapping  designs  with  live-catch  traps  con- 
sisted of  eight  transects  radiating  from  a  central 
point  in  Grayia-Lycium,  four  similarly  arranged 
transects  in  Atriplex-Kochia,  and  four  in  Larrea- 
Franseria.  Traps  were  spaced  at  30  ft.  intervals 
with  10  traps  per  transect.  Trapping  designs 
with  break-back  traps  were  arranged  as  single 
transects  or  two  parallel  transects  with  traps 
spaced  at  30  ft.  intervals.  Single  transects  had 
100  traps  per  transect;  parallel  transects  had  50 
traps  each. 

Traps  were  operated  once  each  month  for 
a  sufficient  number  of  nights  to  catch  a  mini- 
mum of  five  rats  in  each  community.  Captured 
rats  were  placed  in  white  paper  bags  as  soon  as 
they  were  removed  from  the  traps,  and  rats  still 
alive  were  immediately  killed.  The  bags  were 
tightly  closed  to  prevent  escape  of  ectoparasites. 
The  bags  containing  rats  were  placed  in  a  re- 
frigerator for  several  hours  to  chill  the  body  of 
the  host.  The  rats  were  then  removed  from  the 
refrigerator,  allowed  to  warm  to  room  tempera- 
ture, and  the  detached  mites  were  brushed  from 
the  fur  into  a  large,  white  enamelware  pan.  Ex- 
amination for  attached  mites  was  made  by 
parting  the  hairs  of  the  hosts. 

Mites  were  preserved  in  70  percent  ethyl 
alcohol  until  they  were  mounted  on  glass  slides 
in  polyvinyl  alcohol  medium.  They  were  identi- 
fied with  the  use  of  a  phase-contrast  microscope. 


RESULTS 


General  Infestation  of  Rats 

Dipodomys  merriami 

Totals  of  252  males,  259  females,  and  17  rats 
not  identified  to  sex  were  examined.  From  28 
to  94  rats  were  examined  each  month  except  in 
March  and  May  when  only  13  and  11,  respective- 
ly, were  examined   (Table  1). 

About  equal  numbers  of  male  and  female  rats 
from  each  plant  community  were  examined. 
More  rats  from  the  Mixed  and  disturbed  Grayia- 
Lycium  communities  were  examined  than  from 
other  communities  (Table  2).  Relatively  few 
from  Coleogyne  and  none  from  Atriplex-Kochia 
were  exan.ined  inasmuch  as  this  species  is  not 
common  in  these  communities. 

Twenty-six  percent  of  the  rats  from  all  areas 
together  were  infested  with  mites.  Rates  of  in- 
festation of  rats  by  all  species  of  mites  in  each 


of  the  plant  types  were:  Larrea-Franseria,  54%; 
Grayia-Lycium,  33%;  Salsola,  32%;  Artemisia, 
30%;  Grayia-Lycium  (disturbed),  28%;  Lycium, 
20%;  and  Mixed,  18%. 

In  January  only  one  species  of  mite  was 
found  on  this  host.  In  February  and  May  three 
species  were  found,  and  in  the  remaining  months 
the  number  varied  from  five  to  seven. 

In  Grayia-Lycium  the  average  number  of 
mites  on  male  rats  was  double  the  number  found 
on  females,  whereas  in  Salsola  the  situation  was 
reversed.  In  other  communities  males  and  fe- 
males were  about  equally  infested.  Mite  numbers 
were  highest  in  February,  July,  August  and 
October,  and  lowest  in  January,  May,  and  Sep- 
tember. The  greatest  number  of  mites  on  a  host 
was  174  on  a  male  in  Grayia-Lycium  in  August. 
In  all  but  Lycium  and  Salsola  the  greatest 
number  was  found  on  males. 
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TABLE  1 
NUMBER  OF  KANGAROO  RATS  EXAMINED  EACH  MONTH 


Host  Jan    Feb     Mar     Apr     May     Jun     Jul     Aug     Sep    Oct    Nov    Dec      Total 

D.  merriami 
D.  microps 


40 

35 

13 

31 

11 

m 

61 

94 

58 

28 

55 

39 

528 

40 

29 

27 

65 

16 

131 

59 

52 

87 

106 

81 

35 

728 

Dipodonu/fi  microps 

Totals  of  378  males,  301  females  and  49  rats 
not  identified  to  se.\  were  examined.  From  27 
to  131  rats  were  examined  each  month  e.xeept  in 
May  when  only  16  were  examined  (Table  1). 

About  equal  numbers  of  male  and  female 
rats  from  each  plant  community  were  examined. 
Relatively  fewer  rats  from  Artemisia,  Larrea- 
Franseria,  Lycium,  and  Salsola  were  examined 
than  from  other  commimities  because  of  their 
infretiuent  occurrence  in  these  areas  (Table  2). 

Thirty-four  percent  of  the  rats  from  all  areas 
together  were  infested  with  mites.  Rates  of  in- 
festation by  all  species  of  mites  in  each  of  the 
plant  types  were;  Grayia-Lycium,  55%;  Grayia- 
Lycium  (disturbed),  36%;  Lycium,  33%;  Cole- 
ogyne,  32f;  Atriple.x-Kochia,  31%;  Mi.xed,  28%; 
and  Salsola,  20%. 

In  March  only  two  species  of  mites  were 
found  on  this  host.  Nine  species  were  found  in 
June,  and  eight  in  July,  September  and  Decem- 
ber. During  tlie  remaining  months  the  number 
varied  from  five  to  six. 

In  Atriple.x-Kochia  male  rats  possessed  four 

TABLE  2 

NUMBER  OF  KANGAROO  RATS 

EXAMINED  IN  THE  PLANT 

COMMUNITIES 


Plant  Community 

D.  merriami 

D.  microps 

Artemisia 

10 

o 

Atriplex-Kochia 

a 

65 

Coleogvne 

« 

115 

Grayia-Lycium 

48 

127 

Gravia-Lvcium 

(disturbed) 

102 

85 

Larrea-Franseria 

37 

« 

Lycium 

15 

15 

Salsola 

57 

25 

Mixed 

238 

253 

Unknown 

18 

40 

"Rats   did  not  occur  in  sufficient  numbers  in  tliis 
plant  coniniunity  to  yield  an  adecjuate  sample. 


times  as  many  mites  as  females,  although  in 
other  communities  males  and  females  were  about 
equally  infested.  There  was  no  significant  differ- 
ence between  the  degree  of  infestation  of  the  two 
rat  species  where  both  occurred  in  the  same 
plant  community.  Highest  mite  numbers  were 
observed  in  February  and  July,  and  lowest  in 
January  and  May.  The  greatest  number  of  mites 
on  a  host  was  156  on  a  female  in  Grayia-Lycium 
in  July.  In  all  but  Grayia-Lycium  (disturbed) 
the  greatest  number  was  found  on  females. 

Mite  Associates 

As  a  result  of  this  study  6,208  mites  represent- 
ing 16  species  were  collected.  Greatest  numbers 
were  4,919  chigger  mites  of  which  2,169  were 
Odontacarus  liiisclalei,  1,604  Trombicula  areni- 
cola,  320  Etischongastia  decipiens,  233  Eus- 
clidngastia  radfordi,  52  Euschimgastia  lacerta,  42 
Trombicula  jessicmae,  and  499  belonging  to  a 
species  tentatively  referred  to  as  Sasacarus  sp. 
"W." 

Of  the  remaining  mites  394  were  Ischyropoda 
armatus,  372  Haemohelaps  glasgowi,  76  Hirsti- 
onyssus  triacanthus,  31  Listrophorus  dipodomius, 
12  AndroUielaps  leviculus,  and  373  Kleemannia 
spp.  Sp>ecimens  of  the  genus  Kleemannia  were 
sent  to  Dr.  Donald  A.  Chant,  Canada  Depart- 
ment of  Agriculture,  who  stated  (personal  cor- 
respondence) that  the  material  included  at  least 
four  undescribed  species.  These  have  been  re- 
tained by  him  for  description.  In  this  paper 
these  will  be  discussed  as  one  group  designated 
as  Kleemannia  spp. 

Twelve  species  of  mites  were  found  on  both 
male  and  female  rats.  These  were  H.  sJasoowi, 
H.  triacanthus,  I.  armatus,  Kleemannia  spp.,  O. 
linsdalei,  T.  arenicola,  E.  radfordi,  E.  decipiens, 
and  Sasacarus  sp.  "W."  Two  species,  A.  leviculus 
and  E.  lacerta,  were  not  found  on  merriami.  Lis- 
trophorus dipodomius  was  not  found  on  male 
rats  of  either  species,  and  T.  jessiemae  was  not 
found  on  male  microps. 

Twice  as  many  merriami  were  infested  with 
chigger  mites  than  with  mesostigmatid  mites, 
and  twice  as  many  rats  of  this  species  were  in- 
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fested  with  one  species  of  chigger,  O.  linsdalei, 
than  with  any  other  mite.  Considerably  more 
microps  were  infested  with  chigger  mites  than 
witli  mesostigmatid  mites,  but  the  difference  in 
degree  of  infestation  was  not  so  great  as  with 
nicrriami.  Twice  as  many  rats  of  microps  were 
infested  with  O.  linsdalei,  T.  arcnicola  and 
Klcemannia  spp.  than  witli  any  other  mites. 

In  the  discussions  that  follow,  ecological 
data  (when  available)  will  be  presented  for 
each  species  of  mite  in  the  following  sequence: 
general  comments  on  previously  known  host 
relationships,  frequency  and  degree  of  infesta- 
tion, acarine  symbioses',  microhabitat,  plant 
community  and  seasonal  realtionships  as  they 
relate  to  mite  populations  and  rates  of  infesta- 
tion. 

Haemolaelaps  glasgowi  (Ewing)  1925 

Mites  have  been  reported  from  numerous 
birds  and  mammals  including  D.  microps 
(Strandtmann,  1949;  Strandtmann  and  Wharton, 
1958).  They  have  not  been  reported  heretofore 
from  D.  merriami. 

In  my  study  333  females,  two  males  and  37 
deutonymphs  were  collected.  There  was  no 
significant  difference  between  the  number  of 
male  rats  infested  when  compared  with  the 
number  of  females.  However,  the  average  and 
largest  numbers  of  mites  were  greater  on  female 
rats.  Over  twice  as  many  mites  were  found 
on  female  as  on  male  merriami,  whereas  only 
50%  more  mites  were  found  on  female  as  on 
male  microps.  In  both  rat  species  the  largest 
number  of  mites  on  a  rat  was  si.x  times  greater 
on  females. 

This  mite  was  the  only  species  found  on  its 
host  57%  of  the  time  that  it  was  collected  (Table 
3).  It  occurred  22%  of  the  time  in  combination 
with  chiggers  and  mesostigmatids.  Its  most 
frequent  associates  were  Kleemannia  spp. 

Numbers  of  mites  on  merriami  were  three 
times  higher  in  the  Mixed  community  than  in 
Grayia-Lycium  (disturbed)  and  Salsola,  and  six 
times  higher  than  in  Lycium  and  Larrea-Fran- 
seria.  Numbers  on  microps  were  60%  higher  in 
Coleogyne  and  Grayia-Lycium  (disturbed)  than 
in  the  Mixed  and  Grayia-Lycium,  and  80%  high- 
er than  in  Salsola. 

More  merriami  were  infested  in  Lycium,  and 
more  microps  were  infested  in  Salsola  than  in 
any  other  community.  In  areas  where  both  rat 
species  were  infested  with  this  mite  there  were 
some  significant  differences.  Nearly  five  times 
as  many  merriami  were  infested  in  Lycium  than 


were  microps,  twice  as  many  microps  were  in- 
fested in  Salsola,  and  40%  more  microps  were 
infested  in  Grayia-Lycium  (disturbed)  than 
were  merriami. 

Twice  as  many  merriami  were  infested  in 
December  than  any  other  month,  although  the 
numbers  of  mites  on  merriami  were  eight  times 
greater  during  June.  More  microps  were  infested 
fn  January  than  in  any  other  month,  but  numbers 
on  microps  were  highest  in  February  and  March. 

Arulrolaelaps  levicuhis  Eads  1951 

Mites  are  known  from  Perognathus  hu^pidus, 
Omjchomijs  leiicogaster,  and  Sigmodon  hispidus 
(Eads,  1951),  but  have  not  previously  been 
reported  from  kangaroo  rats. 

The  12  female  mites  collected  in  my  study 
were  found  on  four  microps.  The  average 
number  of  mites  per  infested  host  was  five  on 
males  and  one  on  females.  The  greatest  number 
of  mites  on  one  host  was  six  on  a  male  and  one 
on  a  female. 

One  of  the  four  times  that  it  was  found  A. 
levicuhis  was  the  only  mite  found  on  its  host. 
It  occurred  in  combination  with  chigger  mites 
twice,  and  with  chiggers  and  mesostigmatid 
mites    once. 

These  mites  were  found  only  in  the  Grayia- 
Lycium  and  Mixed  communities  during  the 
months  of  June,  July,  and  August. 

Hirstiomjssiis  triacanthus  Jameson  1950 

Mites  have  previously  been  reported  only 
from  D.  merriami  (Strandtmann  and  Wharton, 
1958). 

Totals  of  73  female  and  tliree  male  mites 
were  collected  in  my  study.  There  was  no  sig- 
nificant difference  between  the  number  of  male 
rats  infested  when  compared  with  the  number  of 
females.  The  average  number  of  mites  per  in- 
fested rat  varied  from  one  to  two,  and  tlie 
largest  number  of  mites  on  a  host  was  five 
on  a  female  merriami  and  four  on  a  male  mi- 
crops. 

This  mite  was  the  only  species  found  on  its 
host  29%  of  the  time  (Table  3).  It  occurred  33% 
of  the  time  in  combination  with  other  mesostig- 
matid mites,  33%  with  chigger  mites,  and  5%  with 
combinations  of  chiggers  and  mesostigmatids.  Its 
most  frefjuent  associates  were  Kleemannia  spp. 

Tlie  number  of  mites  on  merriami  in  Grayia- 
Lycium  was  nearly  two  times  higher  than  in 
the  Mixed  community,  and  five  times  higher 
than  in  Grayia-Lycium  (disturbed),  Larrea- 
Franseria,  and  Salsola.  The  number  on  microps 
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TABLE  3 

SYMBIOTIC    FREQUENCIES   OF   MESOSTIGMATID   AND 
SARCOPTIFORM   MITES   ON   KANGAROO   RATS' 


Percentage 

of 

times  assoc 

iated- 

H. 

A. 

H. 

/. 

Kleemannia 

L. 

glasgowi 

levicidus 

triacanth 

us 

armatus 

spp. 

dipodomius 

H.  ghsgowi 

57 

7 

10 

16 

33 

A.  Icvicuhts 

25 

H.  triacanthus 

29 

13 

12 

1.  armatus 

8 

25 

19 

54 

10 

Kleemannia  spp. 

19 

24 

11 

45 

33 

O.   linsdalci 

8 

25 

12 

8 

10 

T.  arenicola 

7 

25 

19 

16 

20 

E.   radfordi 

7 

5 

E.  decipiens 

25 

12 

L.   dipodomius 

33 

'Only  tho.se  a.s.sociati<)n.s  which  occurred  more  than  5  percent  of  the  tim 
"Based  on  the  total  times  these  species  were  collected 


le  were  inc 


luded. 


in  tlie  Mi.xed  community  was  twice  as  high  as 
in  any  of  tlie  other  communities. 

More  merriami  and  microps  were  infested  in 
the  Salsola  than  in  any  other  community.  In 
areas  where  both  rat  species  were  infested  with 
this  mite  there  were  some  significant  differences. 
Six  times  as  many  microps  in  Grayia-Lycium 
(disturbed)  and  twice  as  many  in  Grayia- 
Lycium  and  Salsola  were  infested  than  were 
merriami,  whereas  in  the  Mixed  community  50% 
more  merriami  were  infested  than  were  microps. 

Nearly  five  times  as  many  merriami  were  in- 
fested in  March  than  any  other  month,  although 
the  number  of  mites  on  merriami  was  more  than 
twice  as  high  during  June.  Twice  as  many 
microps  were  infested  in  May  than  in  any  other 
month,  and  the  numbers  of  mites  on  microps 
were  highest  in  April  and  May. 

Ischtjrapoda  armatus  Keegan  1951 

Mites  of  this  species  have  been  reported 
from  mammals  of  several  species  including  D. 
merriami  (Strandtmann  and  Wharton,  1958). 
They  have  not  been  reported  heretofore  from  D. 
microps. 

During  this  study  367  females,  10  males, 
and  17  nymphs  were  collected.  There  was  no 
significant  difference  between  the  number  of 
male  rats  infested  when  compared  with  the 
number  of  females.  However,  the  average  and 
largest  numbers  of  mites  on  a  host  were  three 
times  greater  on  female  than  on  male  merriami, 
and  50%  greater  on  male  than  on  female  microps. 

Tliis  mite  was  the  only  species  found  on  its 


host  54%  of  the  time  that  it  was  collected  (Table 
3).  It  occurred  19%  of  the  time  with  other  meso- 
stigmatid  mites,  16%  with  chigger  mites,  and  11% 
with  chiggers  and  mesostigmatids.  Its  most  fre- 
(juent  associate  was  T.  arenicola. 

The  number  of  mites  on  merriami  in  Salsola 
was  seven  times  higher  than  in  the  Mixed  com- 
munity, and  14  times  higher  than  in  Lycium  and 
Grayia-Lycium  (disturbed).  The  number  on 
microps  in  Salsola  and  Grayia-Lycium  was  50% 
higher  than  in  Coleogj'ne,  and  four  times  higher 
than  in  the  Mixed,  Lycium,  and  Grayia-Lycium 
( disturbed )  communities. 

More  merriami  were  infested  with  mites  in 
Salsola,  and  more  microps  infested  in  Lycium 
than  in  any  other  community.  In  areas  where 
both  rat  species  were  infested  with  this  mite 
there  were  some  significant  differences.  Fifty 
percent  more  merriami  were  infested  in  Salsola 
than  were  microps,  and  twice  as  many  microps 
were  infested  in  the  Lycium  and  Mixed  com- 
munities than  were  merriami. 

Twice  as  many  merriami  were  infested  in 
May  as  any  other  month,  although  the  number 
of  mites  on  merriami  was  twenty  times  greater 
during  July  and  October.  More  microps  were 
infested  in  May  and  June  than  in  any  other 
month,  and  the  numbers  on  microps  were  highest 
during  June,  August,  and  September. 


Kleemannia 


spp. 


Specimens  of  this  genus  represent  at  least 
four  imdescribed  species.  In  this  paper  these 
are  discussed  as  one  group. 
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During  this  study  373  mites  were  collected. 
There  was  no  significant  difference  between 
the  number  of  male  rats  infested  when  compared 
with  the  number  of  females.  There  was  also  no 
significant  difference  between  the  average 
number  of  mites  per  infested  male  rat  when 
compared  with  the  average  number  of  mites  per 
infested  female  rat.  The  largest  number  of  mites 
on  a  host  was  three  times  greater  on  male  than 
on  female  merriami,  and  two  times  greater  on 
female  than  on  male  microps. 

Kleemannia  spp.  were  the  only  mites  found 
on  their  host  35%  of  the  time  they  were  collected 
(Table  3).  They  occurred  26%  of  the  time  with 
other  mesostigmatid  mites,  20%  with  chigger 
mites,  and  9%  with  chiggers  and  mesostigmatids. 
Their  most  frequent  associate  was  T.  areni- 
cola. 

The  number  of  mites  on  merriami  in  the 
Mi.xed  community  was  twice  as  high  as  in 
Grayia-Lycium  and  Larrea-F  ranseria.  The 
number  of  mites  on  microps  in  Coleogyne  was 
50%  higher  than  in  Grayia-Lycium,  two  times 
higher  than  in  Lycium  and  Mi.xed,  and  four 
times  higher  than  in  Atriplex-Kochia  and  Grayia- 
Lycium    ( disturbed ) . 

More  merriami  were  infested  with  Kleeman- 
nia spp.  in  Larrea-Franseria,  and  more  microps 
infested  in  Lycium  than  any  other  community. 
In  the  Mixed  community  four  times  as  many 
microps  were  infested  as  merriami,  whereas  in 
Grayia-Lycium  there  was  no  difference  in  rate 
of  infestation. 

Three  times  as  many  merriami  were  infested 
in  May  and  October  than  in  any  other  month, 


although  the  number  of  Kleemannia  spp.  on 
merriami  was  nine  times  greater  during  June. 
Four  times  as  many  microps  were  infested  in 
May  than  in  any  other  month,  but  the  number 
on  microps  was  highest  during  June,  with  high 
numbers  also  found  during  May,  August,  Oc- 
tober and  November. 

Odontacarus  litisdalei  ( Brennan  and  Jones )  1954 

Mites  of  this  species  are  known  from  mam- 
mals of  several  species  including  D.  microps 
(Brennan  and  Beck,  1955)  They  have  not  been 
reported  heretofore  from  D.  merriami. 

During  this  stiidy  2,169  larval  mites  of  this 
species  were  collected.  There  was  no  significant 
difference  between  the  numbers  of  male  rats  in- 
fested when  compared  with  the  number  of  fe- 
males. The  average  number  of  mites  was  twice 
as  high  on  male  as  on  female  merriami,  and  13% 
higher  on  female  than  on  male  microps.  The 
largest  number  of  mites  on  a  host  was  found  on 
males  of  both  rat  species. 

This  mite  was  the  only  species  found  on  its 
host  52%  of  the  times  that  it  was  collected  ( Table 
4).  It  occurred  34%  of  the  time  with  other 
chigger  mites,  7%  with  mesostigmatid  mites,  and 
9%  with  chiggers  and  mesostigmatids.  Its  most 
frequent  associate  was  T.  arenicola.  Mites  were 
found  in  the  ears  of  their  hosts  89%  of  the  time. 
The  remainder  of  the  time  they  were  found  on 
the  underparts  of  the  hind  legs  and  near  the 
genitalia. 

The  number  of  mites  on  merriami  in  the 
Mixed  community  was  40%  higher  than  in  Grayia- 


TABLE  4 
SYMBIOTIC  FREQUENCIES  OF  TROMBICULID  MITES  ON  KANGAROO  RATS' 


Symbiont 


Percentage  of  times  associated- 


O.  T.  T.  E.  E.  E.  Sasacarus 

linsdalei      arenicola      jessiemae      lacerta      radfordi      decipiens  sp.  "W" 


H.  glasgowi 
H.  triacanthus 

6 

I.  armatus 

5 

8 

Kleemannia  spp. 

5 

13 

O.  linsdalei 

52 

48 

T.  arenicola 

34 

29 

T.  jessiemae 
E.  lacerta 

E.  radfordi 
E.  decipiens 
Sasacarus  sp.  "W" 

11 

15 

10 


75 


5 

10 

51 

20 

49 

20 

54 

5 

8 

44 

36 


'Only  those  associations  which  occurred  more  than  5  percent  of  the  time  were  included. 
^Based  on  the  total  times  these  species  were  coUetced. 
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Lyciimi  (disturbed),  57X  higher  than  in  Grayia- 
Lyciuiii,  6ffii  liighor  than  in  Salsola,  and  14  times 
liiglier  tlian  in  l^arrea-Franseria  and  Artemisia. 
The  number  on  microps  in  Coleogyne  was  81% 
higher  than  in  Grayia-Lycium,  over  twice  as  liigh 
as  in  Grayia-Lycium  (disturbed),  Mi.xed,  and 
Atriplex-Koeliia,  and  five  times  as  high  as  in 
Lyeiinn. 

More  rats  of  botli  species  were  infested  with 
O.  Unsdalei  in  the  Grayia-Lycium  than  in  any 
other  community.  In  areas  where  both  rat  species 
were  infested  with  this  mite  there  were  some 
significant  differences.  Fifty  percent  more  vier- 
riami  were  infested  in  Grayia-Lycium  (dis- 
turbed) than  were  microps,  whereas  .50%  more 
microps  than  merriami  were  infested  in  Grayia- 
Lycium. 

Twice  as  many  merriami  were  infested  in 
April  and  November  than  any  other  montli.  Tlie 
number  of  mites  on  merriumi  was  twice  as  high 
during  April,  May,  October  and  November.  More 
microps  were  infested  in  May  and  July  than  in 
any  other  months,  but  the  number  was  highest 
in  July. 

Trombicula  arenicola  Loomis   1954 

Mites  of  this  species  have  been  reported  from 
reptiles  of  two  species  and  numerous  mammals 
including  D.  microps  (Brennan  and  Beck,  1955). 
They  have  not  been  heretofore  reported  from 
D.  merriami. 

In  this  study  1,604  larval  mites  of  this  species 
were  collected.  There  was  no  significant  differ- 
ence between  the  number  of  male  rats  infested 
when  compared  with  the  number  of  females. 
The  average  number  of  mites  was  slightly  higher 
on  male  rats,  but  the  largest  number  of  mites 
was  twice  as  high  on  female  merriami,  and  30% 
higher  on  female  microps. 

This  mite  was  the  only  species  found  on  its 
host  29%  of  the  times  that  it  was  collected  ( Table 
4).  It  occurred  45%  of  the  time  with  other  chig- 
ger  mites,  17%  with  mesostigmatid  mites,  and 
9%  with  chiggers  and  mesostigmatids.  Its  most 
frequent  associate  was  O.  liiisdalei.  Ninety- 
two  percent  of  the  time  they  were  found,  mites 
were  attached  to  the  underparts  of  the  hind 
legs.  The  remainder  of  the  time  they  were 
found  on  the  ears. 

The  number  of  mites  on  merriami  in  Larrea- 
Franseria  was  three  times  higher  than  in  Grayia- 
Lycium  and  four  times  higher  than  in  the  Mixed 
and  Grayia-Lycium  (disturbed)  communities. 
The  number  on  microps  in  Atriple.\-Kochia  was 
two  times  higher  than  in  Grayia-Lycium,  three 
times  hi^er  than  in  Grayia-Lycium  (disturbed). 


four  times  higher  than  in  the  Mixed  community, 
and  six  times  higher  than  in  Coleogyne. 

More  merriami  were  infested  witli  T.  areni- 
cola in  Grayia-Lycium  and  Larrea-Franseria,  and 
more  microps  were  infested  in  the  Grayia- 
Lycium  than  in  any  other  community.  In  areas 
where  both  rat  species  were  infested  with  this 
mite,  microps  was  more  heavily  infested.  Seven 
times  as  many  microps  were  iiifested  in  Grayia- 
Lycium  (disturbed),  three  times  as  many  in 
Mixed,  and  50%  more  microps  were  infested  in 
Grayia-Lycium  than  were  merriami. 

Over  twice  as  many  merriami  were  infested 
in  June  than  in  any  other  month,  although  the 
number  on  merriami  was  20%  higher  in  Septem- 
ber. Sixty  percent  more  microps  were  infested 
in  July  than  in  any  other  month,  and  the  number 
on  D.  microps  was  over  twice  as  high  in  July. 

Trombicula  jessiemae  Gould  1956 

Mites  of  this  species  are  known  from  Sigmo- 
don  hispiclus  and  Neotoma  sp.   (Gould,  1956). 

Forty-two  larval  mites  were  collected  in  my 
study  from  six  male  and  one  female  merriami 
and  one  female  microps.  The  average  number  of 
mites  was  the  same  on  both  male  and  female 
merriami  but  was  three  times  higher  on  the 
microps  than  on  merriami.  The  largest  number  of 
mites  on  a  rat  was  the  same  for  male  merriami 
and  female  microps  but  only  one-half  as  high 
for  female  merriami. 

In  six  of  its  eight  collections,  T.  jessiemae 
was  the  only  species  found  on  its  hosts  (Table 
4).  They  were  taken  from  merriami  in  the 
Larrea-Franseria  and  Mixed  communities  in  July, 
August,  September,  and  October  and  from 
microps  in  the  Mixed  community  in  July. 

Etischongastia  lacerta  Brennan  1948 

Mites  have  been  collected  from  mammals 
of  several  species  and  one  species  of  lizard 
(Loomis,  1956).  They  have  not  been  reported 
heretofore  from  kangaroo  rats. 

During  my  study  59  larval  mites  were  collect- 
ed from  three  male  and  two  female  microps. 
Twice  as  many  mites  were  found  on  male  as 
on  female  microps,  and  the  largest  number  of 
mites  on  a  host  was  five  times  greater  on  male 
than  on  female  microps. 

This  mite  was  the  only  species  found  on  its 
host  20%  of  the  times  that  it  was  collected  ( Table 
4 ) .  The  rest  of  the  time  it  was  collected  in  com- 
bination with  other  chigger  mites.  Its  most  fre- 
(juent  associate  was  T.  arenicola.  It  was  collect- 
ed in  the  Atriplex-Kochia  and  Mi.xed  communi- 
ties  during   June,   July,   and   August.   Twice  as 
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many  rats  were  infested  during  July  and  the 
number  of  mites  was  three  times  higher  also 
during  July. 

Euschcingastia  radfordi  Brennan  and  Jones  1954 

These  mites  have  been  reported  from  numer- 
ous birds  and  mammals  including  Dipodomijs 
spp.  (Brennan  and  Beck,  1955;  Gould,  1956). 
They  have  not  been  reported  heretofore  from  D. 
merriami  or  D.  microps. 

A  total  of  233  larval  mites  was  collected 
during  my  study.  There  was  no  significant  differ- 
ence between  the  number  of  male  rats  infested 
when  compared  with  the  number  of  females. 
However,  the  average  and  largest  numbers  of 
mites  were  greatest  on  female  merriami  and  on 
male  microps.  Fifty  percent  more  mites  of  this 
species  were  found  on  female  as  on  male  merri- 
ami, whereas  three  times  as  many  mites  were 
found  on  male  as  on  female  microps.  The  largest 
number  of  mites  on  a  host  was  twice  as  high 
on  female  as  on  male  merriami,  and  six  times 
higher  on  male  than  on  female  microps. 

This  mite  was  the  only  species  found  on 
its  host  54%  of  the  times  that  it  was  collected 
(Table  4).  It  ocurred  13%  of  the  time  with  other 
chigger  mites,  17%  with  mesostigmatids,  and  13% 
with  chiggers  and  mesostigmatids. 

The  number  of  mites  on  merriami  in  Grayia- 
Lycium  (disturbed)  was  three  times  higher  than 
in  the  MLxed  community,  and  six  times  higher 
than  in  Salsola.  These  mites  were  found  on 
microps  only  in  Grayia-Lycium  (disturbed) 
where  the  number  was  twice  as  high  as  that 
found  on  merriami  in  the  same  community.  In 
Grayia-Lycium  ( disturbed )  were  both  species  of 
rats  were  infested,  50%  more  microps  were  in- 
fested than  merriami.  The  infestation  of  merriami 
was  three  times  higher  in  Grayia-Lycium  (dis- 
turbed )  than  in  Salsola  and  14  times  higher  than 
in  the  Mixed  community. 

Sixty  percent  more  merriami  were  infested  in 
December  than  in  any  other  month,  although 
the  population  of  E.  radfordi  on  merriami  was 
five  times  greater  during  March.  Twice  as  many 
microps  were  infested  with  twice  as  many  mites 
of  E.  radfordi  in  Febniary  as  in  December,  the 
only  other  month  they  were  found  on  microps. 

Euschiingastia  decipiens  Gould  1956 

Mites  of  this  species  have  been  reported  from 
several  mammals  including  D.  merriami  (Bren- 
nan and  Beck,  1955;  Gould,  1956).  They  have 
not  been  reported  heretofore  from  D.  microps. 

A  total  of  320  larval  mites  was  collected 
during    this    study.    There    was    no    significant 


difference  between  the  number  of  male  rats 
infested  when  compared  with  tlie  number  of 
females.  However,  the  average  and  largest 
numbers  of  mites  were  greatest  on  male  rats. 
Twice  as  many  E.  decipiens  were  found  on  male 
as  on  female  merriami,  whereas  eight  times  as 
many  mites  were  found  on  male  as  on  female 
microps.  The  largest  number  of  mites  on  a  rat 
was  twice  as  great  on  male  as  on  female  merri- 
ami, and  nine  times  as  great  on  male  as  on  fe- 
male microps. 

This  mite  was  the  only  species  found  on  its 
host  44%  of  the  times  that  it  was  collected 
(Table  4).  It  occurred  25%  of  the  time  with 
chigger  mites,  19%  with  mesostigmatid  mites 
and  12%  with  chiggers  and  mesostigmatids. 

The  number  of  mites  on  merriami  in  Artem- 
isia was  four  times  higher  than  in  the  Mixed 
community  and  nine  times  higher  than  in  Grayia- 
Lycium  (disturbed).  The  number  on  microps 
in  Coleogyne  and  Grayia-Lycium  (disturbed) 
was  twice  as  high  as  in  Grayia-Lycium  and  14 
times  as  high  as  in  the  MLxed  community. 

Ten  times  as  many  merriami  were  infested  in 
Artemisia,  and  50%  more  microps  in  Coleogyne 
than  in  any  other  community.  In  areas  where 
both  rat  species  were  infested  with  this  mite, 
twice  as  many  microps  were  infested  as  were 
merriami. 

Over  three  times  as  many  merriami  were 
infested  in  March  than  any  other  month,  al- 
though the  population  on  merriami  was  three 
times  greater  during  February.  Three  times  as 
many  microps  were  infested  in  February  and 
May  as  in  any  other  month,  but  the  number  on 
microps  was  six  times  greater  during  February. 

Sasacarus  sp.  "W" 

This  represents  a  species  whose  taxonomic 
placement  is  debateable  ( Brennan,  personal  cor- 
respondence) .  It  is  tentatively  assigned  to  this 
genus. 

During  this  study  499  larval  mites  were 
collected.  There  was  no  significant  difference 
between  the  number  of  male  rats  infested  when 
compared  with  the  number  of  females.  Three 
times  as  many  mites  were  found  on  male  as 
on  female  merriami,  but  there  was  no  difference 
bet\veen  male  and  female  microps.  Tlie  largest 
number  of  mites  on  a  rat  was  six  times  greater 
on  male  than  on  female  merriami,  and  two  times 
greater  on  female  than  on  male  microps. 

This  mite  was  the  only  species  found  on  its 
host  36%  of  the  times  that  it  was  collected  ( Table 
4 ) .  It  occurred  51%  of  the  time  with  other  chigger 
mites,  and  13%  with  chigger  and  mesostigmatid 
mites.  Its  most  frequent  associates  were  O.  tins- 
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dalei  and  T.  arenicola.  Mites  were  found  only 
in  the  ears  of  their  hosts. 

The  number  of  mites  on  merriami  in  Grayia- 
Lycium  was  tliree  times  higlier  tlian  in  Larrea- 
Franseria  and  Salsola.  The  number  on  niicrops 
in  the  Mi.xed  community  was  four  times  higher 
than   ill   Grayia-Lycium  and  Atriple.x-Kochia. 

More  merriami  were  infested  in  Larrea-  Fran- 
seria  and  more  microps  in  Grayia-L)cium  tlian 
in  any  other  community.  In  areas  where  both  rat 
species  were  infested  with  this  mite,  there  w;is 
no  difference  in  percentage  of  animals  infested. 

Fifty  percent  more  merriami  were  infested 
in  September  than  in  July  or  August,  although 
the  number  of  Sasacarus  sp.  "W"  on  merriami 
was  three  times  greater  during  August.  Twice  as 
many  microps  were  infested  during  August  as  in 
July  or  September,  but  the  number  on  microps 
was  30%  higher  during  July. 

Listrophorus  dipodomius  Radford  1953 

Mites  have  been  reported  from  Dipodomtjs 
spectabilis  (  Radford,  1953 ) .  They  have  not  been 


reported    heretofore   from    D.    merriami    or    D. 
microps. 

During  this  study  18  females  and  13  males 
were  collected  from  one  female  merriami  and 
two  female  microps.  Three  mites  were  found  on 
the  single  merriami,  27  on  one  microps,  and  one 
mite  on  the  other.  In  one  collection,  this  mite 
occurred  as  the  only  species  on  its  host,  once  in 
combination  with  H.  glasgowi,  and  once  with 
Kleemannia  spp.  The  infested  merriami  was  col- 
lected in  Salsola  in  August,  and  the  microps  were 
collected  in  December  in  Grayia-Lycium  (dis- 
turbed ) . 

Other  Mites 

Three  specimens  of  fur  mites  of  the  family 
Myobiidae  were  found  on  the  kangaroo  rats. 
These  mites  commonly  occur  on  rodents  and 
other  mammals.  Si.x  specimens  of  the  family 
Cheyletidae  and  ten  of  the  family  Glycyphagidae 
were  collected.  These  mites  are  not  commonly 
found  on  mammals. 


DISCUSSION 


According  to  Allred  and  Reck  (1963)  species 
and  numbers  of  kangaroo  rats  at  tlie  Nevada 
Test  Site  vary  with  the  plant  community.  Specifi- 
cally, merriami  was  not  abundant  in  Atriplex- 
Kochia  and  Coleogyne,  whereas  microps  was 
rarely  found  in  Liurea-Franseria.  Consequently, 
in  my  study  fewer  rats  were  collected  and  ex- 
amined from  certain  communities  than  from 
others. 

Frequency  of  infestation  of  hosts.  In  areas 
where  one  of  the  two  species  of  rats  was  greatly 
predominant  in  number,  a  greater  percentage 
of  the  rats  of  the  predominant  species  was 
infested  with  mites.  Where  both  species  of  rats 
were  found  as  associates  in  somewhat  equal 
numbers,  relatively  more  microps  were  infested 
than  merriami.  The  rate  of  infestation  of  mer- 
riami was  highest  in  Larrea-Franseria,  and  of 
microps  in  Grayia-Lycium.  This  phenomenon  on 
merriami  was  due  to  a  high  rate  of  infestation 
by  two  species  of  chiggers,  T.  arenicola  and 
Sasacarus  sp.  "W,"  which  occurred  abundantly 
in  Larrea-Franseria.  In  this  community  these 
two  chiggers  were  never  found  together  on 
the  same  individual  rat,  thereby  potentially 
increasing  the  rate  of  rat  infestation.  With  re- 
ference to  microps  in  Grayia-Lycium,  these  two 
species  r>f  mites  with  a  third  abundant  species. 


O.  linsdalei,  were  usually  found  as  symbionts 
on  the  same  rat. 

The  average  number  of  mites  per  infested 
host  ranged  as  high  as  18.  The  highest  average 
on  both  rat  sjiecies  occurred  in  Grayia-Lycium 
and  the  lowest  in  Lycium.  There  was  no  signifi- 
cant difference  between  the  average  number  of 
mites  per  infested  merriami  when  compared  with 
the  average  number  of  mites  per  infested  microps 
in  any  community.  In  areas  where  the  rates  of 
infestation  of  rats  with  chiggers  were  low,  the 
average  number  of  mites  per  infested  host  also 
was  low.  Although  there  was  no  significant  differ- 
ence between  the  number  of  males  infested  when 
compared  with  the  number  of  females  infested 
with  all  mites,  the  average  number  of  mites  for 
infested  males  as  compared  with  females  was 
significantly  different  in  some  instances.  In  each 
case,  however,  the  higher  average  was  due  to 
an  infestation  by  chiggers.  In  all  but  one  case 
where  relatively  high  numbers  of  mites  infested 
one  host,  chiggers  were  the  principal  mites  in- 
volved. The  single  exc-eption  was  a  female 
merriami  uifested  with  68  /.  armatus. 

The  greatest  number  of  mites  found  on  a 
single  rat  was  174  on  a  merriami  and  I5b  on  a 
microps.  both  in  Gravia-Lycmm.  Fewest  numbers 
of  mites  on  both  species  of  rats  were  found  on 
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animals  in  Lycium.  Male  merriami  were  generally 
more  heavily  infested  than  females,  whereas 
female  microps  were  generally  more  heavily  in- 
fested than  males. 

Frequency  of  infestation  by  particular  mite 
species.  All  speeies  of  mites  collected  were  found 
on  both  rats  except  A.  leviculus  and  E.  lacerta 
which  were  found  only  on  microps.  All  species 
of  mites  were  found  on  both  sexes  of  host  in 
about  equal  numbers,  except  L.  dipodomius 
which  was  found  only  on  females  of  both  hosts 
and  T.  jessiemac  which  was  not  found  on  male 
microps. 

Odontacarus  Unsdalei  and  T.  arenicola  in- 
fested relatively  more  rats  than  other  species  of 
mites.  The  next  highest  rate  of  infestation  was 
with  Kleemannia  spp.  which  was  one-half  the 
rate  of  infestation  of  O.  Unsdalei.  Twice  as  many 
m,erriami  were  infested  with  O.  Unsdalei  than 
with  any  other  mite  species.  Only  one  merriami 
was  infested  with  L.  dipodomius.  Odontacarus 
Unsdalei  and  T.  arenicola  infested  relatively  more 
microps  than  did  any  other  species  of  chiggers, 
and  Kleemannia  spp.  and  H.  glasgoivi  infested 
twice  as  many  microps  as  any  other  mesostig- 
matid. 

The  average  number  of  each  species  of  mite 
was  generally  the  same  on  both  host  species 
except  for  Sasacarus  sp.  "W"  which  was  pre- 
dominantly greater  on  merricmii  than  on  microps. 
There  were  few  differences  between  the  average 
number  of  mites  on  the  different  se.xes  of  hosts 
except  for  mites  of  E.  decipiens  which  were 
eight  times  as  abundant  on  male  as  on  female 
microps.  Almost  three  times  as  many  E.  radfordi 
were  found  on  male  as  on  female  microps,  and 
almost  three  times  as  many  Sasacarus  sp.  "W" 
were  found  on  male  as  on  female  merriami.  Over 
three  times  as  many  /.  armatus  were  found  on 
female  as  on  male  merriami. 

A  significant  difference  between  the  greatest 
numbers  of  mites  found  on  merriami  and  microps 
was  noted  with  Sasacarus  sp.  "W"  where  the 
number  was  over  six  times  greater  on  merriami. 
The  number  of  /.  armatus  was  three  times 
greater  on  merriami  than  on  microps,  and  L. 
dipodomius  was  nine  times  greater  on  microps 
than  on  merriami.  A  significant  difference  was 
also  noted  between  the  greatest  numbers  of 
mites  on  a  single  rat  when  males  were  com- 
pared with  females.  The  numbers  of  O.  Unsdalei 
and  Sa.sacarus  sp.  "VV"  were  greater  on  female 
merriami,  whereas  the  number  of  T.  arenicola 
was  greater  on  female  than  on  male  microps. 
The  numbers  of  E.  lacerta,  E.  radfordi  and 
E.  decipiens  were  greater  on  male  than  on  fe- 
male microps.  , 


Acarine  symbiosis.  Each  species  of  mite  that 
was  collected  occurred  as  the  only  species  on  its 
host  in  at  least  20%  of  its  collections.  Three 
species  of  chiggers  and  two  mesostigmatids 
occurred  alone  50%  or  more  of  the  time.  One  of 
the  chiggers,  T.  jessiemac,  was  found  as  the 
only  mite  species  on  its  host  67%  of  the  time. 
The  remaining  species  occurred  alone  up  to  45% 
of  the  time.  Some  mites  occurred  as  symbionts 
in  certain  combinations  more  frequently  than 
did  others.  Trombicula  arenicola  was  found  with 
O.  Unsdalei  nearly  twice  as  often  as  it  was  alone. 
Sasacarus  sp.  "W"  was  associated  with  T.  aren- 
icola and  O.  Unsdalei  nearly  50%  of  the  time. 
Kleemannia  spp.  occurred  with  the  chigger 
T.  arenicola,  and  /.  armatus  with  Kleemannia 
spp.  one-fourth  of  the  time.  Other  combinations 
were  found,  but  not  in  significantly  large 
numbers. 

Microhabitat.  Inasmuch  as  the  mesostigmatid 
mites  were  never  found  attached  to  their  hosts, 
no  data  as  to  a  preferred  site  of  location  on  the 
animal  were  obtained.  The  chigger  mites,  which 
remain  attached  for  prolonged  periods,  were 
found  to  prefer  particular  sites  for  attachment. 
Sasacarus  sp.  "W"  was  found  only  on  the  ears 
of  its  hosts,  O.  Unsdalei  was  found  predom- 
inantly on  the  ears  and  occasionally  on  the 
underparts  of  the  hind  legs,  and  T.  arenicola 
was  found  predominantly  on  the  underparts  of 
the  hind  legs  and  only  occasionally  on  the  ears. 
No  data  are  available  on  the  site  of  attachment 
of  other   species   found. 

Plant  community  relationships.  In  communi- 
ties where  numbers  of  kangaroo  rats  were  high, 
the  numbers  of  mite  species  on  the  rats  were  also 
high.  For  example,  in  Grayia-Lycium  (dis- 
turbed) and  Mixed  communities  where  rat 
numbers  were  high,  10  to  12  species  of  mites 
were  collected.  In  Artemisia  where  rat  numbers 
were  low  only  two  species  of  mites  were  collect- 
ed. 

Total  mites  collected  varied  from  one  com- 
munity to  another.  Slightly  higher  numbers  were 
observed  in  Artemisia,  Atriplex-Kochia,  Cole- 
ogyne,  Grayia-Lycium,  and  Larrea-Franseria 
plant  types  than  in  the  others. 

In  Atriplex-Kochia,  7.  armatus,  Kleemannia 
spp.,  and  Sasacarus  sp.  "W"  were  least  com- 
mon, whereas  T.  arenicola  and  E.  lacerta  were 
most  common.  Odontacarus  Unsdalei  was  least 
common  in  Artemisia,  whereas  E.  decipiens  was 
most  abundant  there.  No  species  was  particularly 
abundant  in  Lycium.  In  Larrea-Franseria  T. 
jessiemac  was  least  abundant,  whereas  T.  areni- 
cola was  very  common.  Euschongastia  radfordi 


Biological  Series.  Vol.  3,  No.  4,  Octobeb,  1963 


11 


was  least  abundant  tlu're.  Most  species  were 
found  in  abundance  only  in  one  or  two  com- 
munities, whereas  O.  linsdalci  and  T.  arcnicola 
were  abundant    in  several  communities. 

Seasonal  occurrence.  Seasonally  there  were 
three  main  peaks  of  mite  activity  with  respect 
to  those  species  which  were  active  most  of  the 
year.  These  peaks  occurred  in  February-March, 
July,  and  October-November  when  mite 
numbers  were  about  equal.  Numbers  during 
these  periods  were  about  si.x  times  greater  than 
the  numbers  which  occurred  in  Januiuy  and 
April.  These  differences  likely  resulted  from 
high  numbers  of  chiggers.  Numbers  of  the  meso- 
stigmatid  /.  armatus  reached  a  high  peak  in 
October.  Mites  which  were  not  active  most 
of  the  year  were  found  principally  during  the 
period  from  June  through  September. 

New  host  records.  The  new  host  records 
that  were  established  are  A.  levicidus,  T.  jessie- 
mae,  E.  radfordi  and  L.  dipodomius  on  merrkittii 
and  microps;  H.  glasgmvi,  O.  Unsdalei  and  T. 
arenicola  on  merriami;  and  H.  triacanthus,  I. 
armatus,  E.  lacerta  and  E.  decipiens  on  microps. 

Effects  of  nuclear  disturbance.  Forty  per- 
cent more  animals  in  the  undisturbed  Grayia- 
Lycium  were  infested  than  in  the  nuclear  dis- 
turbed Grayia-Lycium.  Infested  animals  in  the 
undisturbed  areiis  had  an  average  of  three  times 
as  many  mites  as  in  disturbed  areas.  The  ma.xi- 


muin  number  of  mites  on  any  one  host  in  the 
undisturbed  was  double  the  number  in  the  dis- 
turbed. No  significant  difference  in  the  number 
of  species  of  mites  was  found  between  the  two 
areas.  About  half  of  the  species  occurred  in  both 
areas  in  about  ecjual  numbers.  Ischijropoda 
armatus  and  Sasacarus  sp.  "W"  were  consider- 
ably more  abundant  in  undisturbed  areas,  where- 
as £.  radfordi  was  most  abundant  in  disturbed 
areas.  Odontacarus  linsdalci,  T.  arenicola,  and 
Sasacarus  sp.  "W"  infested  more  rats  in  undis- 
turbed than  in  disturbed  areas.  Haemolaelaps 
<:Jas<i,owi,  E.  dccipien-s,  and  E.  radfordi  infested 
more  rats  in  disturbed  than  in  undisturbed 
;u-eas. 

Morphological  anomalies  of  chiggers.  An 
occasional  T.  arenicola  was  found  to  have  two 
anteromedial  setae  or  an  extra  scutal  seta.  In 
manv  specimens  the  dorsal  pattern  of  setae 
varied  considerably.  Dr.  James  M.  Brennan 
stated  (personal  correspondence)  that  this  vari- 
ation was  common  for  these  chigger  mites.  An 
occasional  O.  Unsdalei  was  found  with  three 
anteromedial  setae  instead  of  the  common  two. 
In  each  specimen  other  characteristics  indicated 
it  to  be  O.  Unsdalei. 

One-hundred  and  nine  T.  arenicola  possessed 
a  stylostome  which  remained  attached  to  the 
chigger  when  it  was  removed  from  its  host's 
tissue.  Several  stylostomes  were  much  longer 
than  the  chigger  itself. 


SUMMARY 


A  systematic  study  of  parasitic  mites  on  kan- 
garoo rats  of  two  species  at  the  Nevada  Test 
Site  was  conducted  from  August  1959  to  De- 
cember 1961.  Tlie  intent  was  to  determine  the 
kinds,  nimibers,  seasonal  occurrences  and  ecolo- 
gical relationships  of  mites  in  nuclear  disturbed 
and  contiguous  undisturbed  areas.  A  total  of 
1,256  rats  from  nine  plant  communities  was  ex- 
amined. 

The  6,208  mites  collected  represented  16 
species  including  four  undescribed.  Fourteen 
were  found  on  both  kinds  of  rats.  Considerably 
more  rats  were  infested  with  chiggers  than  with 
mesostigmatids.  Each  species  of  mite  occurred 
alone  on  its  host  at  least  20X  of  the  time,  and 


one  species  was  found  alone  as  much  as  67%  of 
the  time.  Chiggers  of  two  species  occurred  pre- 
dominantly on  the  ears  of  their  hosts,  whereas 
mites  of  another  species  were  found  principally 
on  the  underparts  of  the  hind  legs.  Although 
most  mite  species  were  found  in  all  plant  c-om- 
munities,  they  occurred  in  abundance  in  only 
one  or  two.  However,  two  species  were  abundant 
in  several  communities.  Seasonal  peaks  in 
numbers  of  mites  occurred  during  the  three 
periods  of  February -March,  July,  and  October- 
November.  Forty  percent  fewer  rats  in  tfie 
nuclear  disturbed  areas  were  infested  than  in 
undisturbed  areas,  and  only  one-third  as  many 
mites  were  found  on  rats  in  the  disturbed  as  in 
the  undisturbed  areas. 
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Fig.  1.  Location  of  the  Nevada  Test  Site. 
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